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ABSTRACT 
Genotoxicity describes a deleterious action on a cell's genetic material affecting its 
integrity. Genotoxic substances are known to be potentially mutagenic or 
carcinogenic, specifically tfidse capable of causing genetic mutation. They may 
bind directly to DNA, or act indirectly leading to DNA damage by affecting 
enzymes involved in DNA replication; thereby causing mutations which may or 
may not lead to inheritable damage. 
Nickel (Ni) is a naturally occurring element that can exist in various mineral 
forms. As a member of the transition metal series, it is resistant to corrosion by air, 
water and alkali, but dissolves readily in dilute oxidizing acids. Although it can 
exist in several different oxidation states, the only important oxidation state under 
environmental conditions is Ni •^ . The toxicity of Ni compounds depends on the 
different ranges of solubility. Particulate Ni compounds are less soluble than Ni 
(11) salts and thus show a greater carcinogenic effect by generating higher 
concentration of Ni ions. 
Chromium (Cr) is a naturally occurring element found in rocks, soil, volcanic dust, 
gases and in little amount in the tissues of plants and animal bodies. Chromium is 
present in the environment in several different forms. The most common are Cr 
(0), trivalent or Cr (HI), and hexavalent or Cr (VI) forms. Cr compounds, mostly 
in Cr (VI) form, produced by the chemical industry are used for chrome plating. 
Cr (VI) is considered more toxic in comparison to Cr (III) as the latter is unable to 
cross the cell membrane while Cr (VI) crosses the cell membrane readily and is 
reduced to trivalent Cr within the cell. 
Electroplating has, over recent decades, evolved from an art to an exact science. 
This development is seen as responsible for the widening types of applications of 
this branch of practical science and engineering. Electroplating constitutes an 
essential component in various industries for reasons of economy, convenience 
and the ability to deposit very thin multilayers providing excellent corrosion 
resistance and luster. 
The lock industry largely employs nickel and chromium plating. Workers 
employed in the lock factories of Aligarh (India) are occupationally exposed to 
both Ni and Cr, and can provide valuable information on human genotoxicity. 
The assessment of genotoxic agents can be performed through the application of 
some well-established endpoints such as the micronucleus (MN) and other nuclear 
anomalies (NA), and alterations in different biochemical variables as indicators of 
secondary DNA damage. 
In the present study, the genotoxic effects of nickel and chromium were studied in 
terms of micronuclei, nuclear abnormalities, blood cell anomalies, changes in liver 
enzymes, and some important oxidative stress enzymes in occupationally exposed 
electroplaters. The sample population was divided into 3 groups: 
Group I- Control subjects 
Group II- Electroplaters with exposure of <I0 (1-9) years 
Group III- Electroplaters with exposure of >10 (10-25) years. 
The groups had mean age of 25.85±4.65 years ranging from 18-35 years. 
General Health 
An overall idea of the general health of electroplaters was taken by a 
questionnaire-based survey. Complete medical history was accounted and physical 
examination was also done. The body mass index (BMI) showed a decrease from 
20.46±3.65 kg/m" in control Group 1 to 17.46±2.31 kg/m' in Group III of 
electroplaters, which had the highest exposure, fhe symptoms like malaise, 
dizziness, fever, tiredness, eye problems, skin allergies, dermatitis, chrome holes, 
problems in the upper respiratory tract, dental discolouration, cough, tight-
chestedness, shortness of breath and other chest related problems, had higher 
prevalence in electroplaters with sub-chronic exposure than those subjected to 
chronic exposure. This may be attributed to the sudden impact of toxicants from 
the electroplating industry on the workers subjected to sub-chronic exposure. Such 
electroplaters show various defense responses contributing to a surge in 
symptoms. 
Nickel and Chromium Content 
The analysis of Ni and Cr contents in plasma of subjects was done using atomic 
absorption spectrophotometry (AAS). 
The concentration of plasma Ni was found to be significantly higher with the 
value 77.20±20.92 ^g/l in Group III than that of Group I which showed mean 
value of 15.40±4.75|xg/l (P<0.05). The Ni concentration in Group II subjects i.e. 
electroplaters with a exposure of <10 years was 38.20±4.83 ^g/1 which was also 
significantly greater than that of Group I (P<0.05). Group III individuals recorded 
mean Cr concentration as 2.90±0.81|ig/l which was significantly greater than Cr 
concentrations in Group 11 showing mean value of 1.70±0.55jig/l and also Group 1 
where the mean Cr level was 0.55±0.08 ^g/l (P<0.05). 
MIVT in Buccal Cells 
Micronuclei observed in the exfoliated cells are regarded as markers of abnormal 
mitoses involving chromosomal breakage and missegregated chromatin. Events 
other than MN. called nuclear anomalies (NA) can be registered in exfoliated 
cells, viz. karyorrhexis. karyolysis, binucleated cells, pyknosis. budded cells, 
broken egg and condensed chromatin. While binucleate cells and broken egg 
indicate DNA damage; karyorrhexis, pyknosis and karyolysis are nuclear 
alterations specifying apoptosis in buccal cells. 
MN frequency in buccal cells of individuals in Group III was significantly higher, 
1.08±0.54%o than electroplaters with less exposure in Group II, 0.69±0.21%o and 
control value of 0.24±0.06%o (P<0.05). A similar trend was observed in cells with 
karyorrhexis, karyolysis and binucleate cells. The frequency of MN and other 
nuclear changes were more prevalent in individuals with longer exposure duration 
as all the genetic end-points examined were signitlcantly higher in Group III than 
in Group II. 
A significant positive correlation was observed between plasma Ni levels and 
frequencies of MN, karyorrhexis, karyolysis, binucleate cells and enucleated cells. 
Similarly, plasma Cr levels were also positively correlated to IVIN, karyorrhexis, 
karyolysis, binucleate cells and enucleated cells. These results indicate nickel-
chromium induced genetic damage in electroplaters. 
Haematology 
Haematological parameters were used for evaluation of abnormalities in blood 
cells of subjects. The observations made during blood film examination show that 
the morphological changes of both nuclei and cytoplasm in blood cells were 
marked in electroplaters. The exposed workers showed higher incidence of blood 
cell abnormalities as compared to their respective controls. Total RBC count 
showed a decline in electroplaters falling from 6.0±1.1 (lOVmm^) in control 
individuals of Group I to 5.8±0.7 (10%im^) and 5.8±0.8 (lO^/mm^ in Group II 
and III respectively. Lower haemoglobin levels were seen in both groups of 
electroplaters. Total leukocyte count was raised from 6.5±3.7 (10 /mm') in Group 
I to 7.0±3.1 (lOVmm^) in Group II but again decreased to 6.8±4.3 {\&lmm') in 
electroplaters of Group III. The same trend was seen in neutrophil values. 
Monocytosis was also seen in Group II individuals with a slightly elevated 
monocyte count of 4%. Lymphopenia was prominent in the electroplaters as 
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decrease in lymphocyte levels was observed as exposure duration increased. 
Group III showed highest incidence of eosinophilia followed by Group II and I. 
Plasma Ni levels was found to be negatively correlated with lymphocyte count and 
monocyte count. Plasma Cr also showed a negative correlation with lymphocyte 
count. Both plasma Ni and Cr concentrations were negatively correlated with RBC 
count and Hb while they were posiilvely correlaieU with eosinophil levels. 
The abnormalities seen in blood cells of electroplaters in the present study depict a 
stress response to the heavy metals. The morphological changes in the biood cells 
indicate severe iron deficiency, uremia and malfunctioning of the liver. A higher 
neutrophil and monocyte count in Group II as compared to Group I represent 
inflammatory response and lowered immunity in sub-chronically exposed 
electroplaters. Lower lymphocyte and higher eosinophil levels were seen in both 
groups of electroplaters indicating heavy metal induced infection. 
Liver Enzymes 
A biochemical analysis of liver enzymes was used for the assessment of tissue and 
cellular damage in the liver caused by Ni and Cr in electroplaters. 
Serum glutamic oxaloacetic transaminase (SGOT) was significantly increased in 
both electroplater groups as compared to the control group. Group III showed 
SGOT mean value of 33.42±7.30 lU/L and Group II had mean value of 
30.85±7.19 lU/L, as compared to Group I where the value was only 23.41±1.67 
lU/L (P<0.05). Serum glutamic pyruvate transaminase (SGPT) levels also 
followed a similar trend with Group 111 having highest value ot 38.61±6.14 lU/L 
followed by Group II with mean SGPT value as 37.10±4.70 lU/L and Group I 
showing lowest value of 22.84±0.84 lU/L (P<0.05). Alkaline phosphatase (ALP) 
showed mean values ranging from 177.04±10.1 lU/L to 203.16±13.5 lU/L in 
Group II and III respectively while Group I individuals showed mean ALP value 
of 110.18±12.2 lU/L. GGT levels also showed an increase with duration of 
exposure as Group I recorded mean GGT value as 5.96±1.41 lU/L. Group II 
showed the value as 8.67±0.54 lU/L and Group 111 had the highest value of 
11.0±1.7 lU/L. The increase in bilirubin levels from Group 1 to 111 was not 
significant. 
Significant positive correlations were found between plasma Ni and SGPT. ALP 
and GGT. Positive correlations were also found between plasma Cr levels and 
SGPT. ALP and GGT. 
A time-dependent increase was observed in the mean levels of the indicators 
included in this study. The levels of all liver enzymes were highest in the group of 
electroplaters with greater duration of exposure to Ni and Cr (Group III). Plasma 
Ni and Cr concentrations were positively and significantly correlated with SGPI. 
ALP and GGT levels in this study. This finding supports the toxicity caused by Ni 
and Cr exposure indicating hepatocellular damage. 
Oxidative Stress 
Oxidative stress in electroplaters was assessed by measuring some common 
markers associated with the production of reactive oxygen species (ROS). 
Total protein showed a significant decline in electroplaters in comparison to the 
control value of 80.23±0.45 mg/ml, falling from 70.05±0.26 mg/ml in Group 11 to 
63.51±0.53 mg/ml in Group III. Serum albumin in Group III showed a 1.2 fold 
decrease from the control group. The total antioxidant status (IAS) levels 
significantly increased with exposure time, showing highest value of 0.72±0.04 
mmol/L in Group III electroplaters followed by Group II and least in Group !. 
Lipid peroxidation, expressed as MDA levels in the plasma of subjects, showed an 
increasing range from 1.57±0.25 nmol/ml in Group I to 2.03±0.38 nmol/ml 
2.51 ±0.50 nmol/ml in Group HI. 
Significant negative correlations were found between plasma Ni and total protein 
and positive correlations were seen with total antioxidant status and lipid 
peroxidation. Plasma Cr levels also showed negative correlations with total protein 
and serum albumin. Positive correlations were seen between Cr concentrations and 
total antioxidant status and lipid peroxidation. 
Nickel and chromium caused oxidant damage in target cells, resulting in changes 
in certain well characterized and exploratory markers of genotoxic damage. These 
metals induced micronuclei and other nuclear anomalies, enhanced the generation 
of reactive oxygen species (ROS) and induced oxidative stress. The results 
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presented in this study provide support For the use of ROS-mediated changes in 
antioxidant status, free-radical generation potential, and resulting lipid 
peroxidation by-products in blood as potential biomarkers of exposure to nickel 
and chromium. 
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Genetic toxicology is a branch of environmental sciences that deals with the study 
and characterization of chemical and physical agents which affect the hereditar\' 
material of Mving organisms. It represents the study of ge .J\c damage, the agents 
that induce suci. damage, the mechanisms that respond and the potential 
consequences of these within the cells and tissues of living beings. In other words, 
-toxicity describee a deleterious action c - a ':;eirs genet'c material affecting its 
inttgrit). 
Due to its importance, rapid progress has been made in this field in the last few 
years and many disciplines are represented these days viz., structural, molecular 
and cellular biclogy, genetics, biochemistry, epidemiology and toxicology through 
mulMple model cystems, experimental approaches and technical disciplines. 
Furthermore, the response to genetic damage interfaces closely with many aspects 
of cellular metabolism (i.e. replication, transcription, cell cycle regulation and cell 
death), thus widening the horizons of genotoxicity. 
Genotoxic agents or genotoxins are described as substances to be toxic to DNA. 
Cuch substances may bind directly to DNA or act indirectly leading to DNA 
damage jy affecting enzymes involved in DNA replication, thereby causing 
mutations whicn may or may not lead to birth defects (inheritable damage) and 
diseases like cancer. Genotoxins affecting sperm and eggs can pass genetic 
changes down to descendants who have never been exposed to such substances. 
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Genotoxic agents commonly contaminate the environment. They include chemical 
compounds like pesticides, combustible hydrocarbon products, antineoplastic 
drugs and certain types of radiations. DNA damage could also come from inside of 
the body, determined mainly by excessive free radical production generated by 
some disease process. 
The potential effects of a genotoxic agent on the living systems are controlled by a 
complex sequence of environmental and biological events, beginning with the 
genotoxin's transfer to food, medicines, consumer products, etc. through soil, air 
and water. Subsequent contact by an organism with the genotoxin in contaminated 
media sets the stage for toxicokinetic processes affecting the absorption, 
distribution, metabolism and elimination of these substances from the organism. 
The ultimate expression of genotoxicity then becomes a reflection of a balance 
between the interaction of the genotoxin (or its reactive metabolites) with the 
cellular target (e.g. DNA), subsequent cellular damage, biological repair, and 
tissue or organ reserve capacity to maintain physiological functions. 
The probability that a genotoxic agent causes a deleterious effect within an 
exposed population (i.e. its risk) is a function of the sources of the genotoxic 
substance, its occurrence, concentrations, and bioavailability in contact media, 
toxicokinetic properties, and genotoxic potency. 
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The risk assessment process for genotoxic substances involves a four-component 
process: 
• Hazard identification 
This involves a qualitative evaluation of the potential genotoxic risk of a given 
substance, based on information regarding its genotoxicity in various bioassays 
and the magnitude of possible exposures. 
• Exposure assessment 
The exposure assessment component starts with source-term analyses that 
focus on the mechanism by which a genotoxicant is formed as well as the rates 
at which it is released into the environment from a specific source. 
• Dose-response assessment 
The goal of the dose-response assessment is to relate the predicted or measured 
exposures to genotoxic endpoints of concern. 
o Risk characterization 
This component is used to integrate information on the nature of the source of 
the genotoxicant, characteristics of the specific population at risk, the 
magnitude and duration of contacts with the contaminated media, and the dose-
response relationship between potential exposure levels and genotoxic 
endpoints (NRC, 1989; Bmsick 1994). 
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Epidemiological studies are conducted using human populations to evaluate 
whether there is a causal relationship between exposure to a substance and adverse 
health effects. Epidemiological studies measure the risk of illness or death in an 
exposed population compared to that risk in an identical (e.g., same age, sex, race. 
social status, etc.), unexposed population. There are four primary' types of 
epidemiology studies: 
• Cohort Studies 
A cohort (group) of individuals with exposure to a genotoxic substance and a 
cohort without exposure are followed over time to compare hannful effects and 
disease occurrence. 
• Case Control 
Individuals with a disease e.g. cancer are compared with similar individuals 
without the disease to determine, if there is an association of the disease with 
prior exposure to a genotoxic agent. 
• Cross- Sectional Study 
The prevalence of a disease or clinical parameters among one or more exposed 
groups is studied. 
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• Ecological Study 
The incidence of a disease in one geographical area is compared to that of 
another. 
Toxicity in subjects may be divided into three levels on the basis of extent of 
damage caused and exposure duration, namely; (a) Acute toxicity- a relative 
toxicity likely to arise from a single or brief exposure, (b) Sub-chronic toxicity 
arises from repeated exposures of several weeks to several months, and (c) 
Chronic toxicity resulting from exposure to a genotoxic substance for a substantial 
portion of a subject's life. 
Genetic toxicity is determined using a wide range of test species including 
microorganisms (Ames test in Salmonella typhimurium), animals, plants and 
humans. Mouse lymphoma and Chinese hamster ovary cell lines are used to 
determine generally the chromosomal aberrations, micronucleus test, sister 
chromatid exchange, sex- linked recessive lethal mutations etc. 
Heavy metals are stable and persistent environmental contaminants. Evidence ol 
long-term adverse effects on exposure to heavy metals, such as increased 
incidences of chromosomal aberrations, sister-chromatid exchange, micronuclei 
induction and even cancer comes from a number of field and experimental studies 
in animals and humans. 
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Electroplating 
Electroplating has evolved from an art to an exact science over recent decades. 
This development is seen due to the ever-increasing number and wide applications 
of this branch of practical science and engineering. Some of the technological 
areas in which means and methods of electroplating constitute an essential 
component are all aspects of electronics: macro and micro optics, opto-electronics, 
and sensors of most types, to name only a few. In addition, a number of key 
industries such as the automobile and lock industries adopt electroplating for 
economy and convenience. Furthermore, the ability to deposit very thin 
multilayers (less than a millionth of a cm) via electroplating represents yet a new 
avenue of producing new materials. 
History 
The early history of electroplating may be traced back to around 1800. Luigi 
Brugnatelli is considered as the first person to apply electrodeposition process to 
electroplate gold. By 1839, scientists in Britain and Russia had independently 
devised metal deposition processes for copper electroplating of printing press 
plates. In 1840, this discovery was adapted and refined by Henry and George 
Elkington of Birmingham, England for gold and silver plating. The plating 
industry received a big boost fi-om the advent of the development of electric 
generators in the late 19* century. Metal machine components, hardware, and 
# . « « 
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automotive parts requiring corrosion protection and enhanced wear properties, 
could be processed in bulk along with better appearance with the higher currents. 
Process of Electroplating 
Electroplating is primarily used for depositing a layer of material to bestow a 
desired property (e.g., abrasion and wear resistance, corrosion protection, 
lubricity, aesthetic qualities, etc.) to a surface that otherwise lacks that property. 
Electroplating changes the chemical, physical, and mechanical properties of the 
workpiece (object being plated). This plating process uses electrical current to 
reduce cations of a desired material from a solution and coat a conductive object 
with a thin layer of the material, such as a metal. Electroplating involves several 
cleaning and degreasing steps before actual electrolytic deposition occurs to 
achieve the desired end-product. 
Types of Electroplating 
Strike 
A strike uses a high current density and a low ion concentration bath to achieve 
high quality and good adherence to the substrate being plated. The process is slow, 
so more efficient plating processes are used once the desired strike thickness is 
obtained. Initially, a special plating deposit called a strike or flash may be used to 
form very thin (less than 0.1 |im thick) plating. This serves as a foundation for 
subsequent plating processes. The striking method is also used in combination 
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with the plating of different metals. A poorly adhesive substrate is first deposited 
with a strike that is compatible, and then plated with the other metal. A copper 
strike is used before plating electrolytic nickel on zinc alloys. 
Brush electroplating 
A closely-related process is brush electroplating, in which localized areas or entire 
items are plated using a brush saturated with plating solution. The brush, typically 
a stainless steel body wrapped with a cloth material that both holds the plating 
solution and prevents direct contact with the item being plated, is connected to the 
positive side of a low voltage direct-current power source, and the item to be 
plated connected to the negative. The operator dips the brush in plating solution 
then applies it to the item, moving the brush continually to get an even distribution 
of the plating material. The brush acts as the anode, but typically does not 
contribute any plating material, although sometimes the brush is made from the 
plating material in order to extend the life of the plating solution. 
Brush electroplating has several advantages over tank plating, including 
portability, ability to plate items that for some reason cannot be tank plated, low or 
no masking requirements, and comparatively low plating solution volume 
requirements. Disadvantages compared to tank plating can include greater operator 
involvement and inability to achieve as great a plate thickness. 
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Electroplating- Today's Perspective 
With the impressive progress and deeper understanding of the underlying 
electrochemical principles of electrodeposition, sophisticated plating baths have 
been developed and are being routinely employed. These provide much greater 
control over the working characteristics of the deposition process. Layer thickness 
and performance of electroplated finishes is among the attributes that have been 
brought under strict control. New developments enable greater plating speed, 
better throwing power (the ability of a plating solution to produce a relatively 
uniform distribution of metal upon a cathode of irregular shape), as well as reliable 
plated finishes. In addition, electroplating of materials such as platinum, osmium, 
and ruthenium are now broadly used in electronics for connectors, circuit boards, 
contacts etc. In general, the growth oFthe electronics industry as a whole, and the 
demand to support the expansion of its underlying infrastructure will continue to 
drive improvements worldwide in the electroplating industry. 
Electropating in Aligarh 
Aligarh District in Uttar Pradesh, India is situated at a distance of 130 km., south-
east of Delhi on the routes of Delhi-Kolkata Railway and Grand Trunk Road. 
Besides the famous Aligarh Muslim University, Aligarh is also known as an 
important business centre through the establishment of metal, electroplating and 
hardware industries. The lock industry of Aligarh having gained the most 
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worldwide recognition, provides employment to a large number of its residents. 
Aligarh proves a fertile ground for this small cottage industry due to various 
factors like availability of raw material and skilled labourers. 
There are around 600 lock manufacturing units in the city. Electroplating is 
extensively used in such units to impart resistance and finishing properties to the 
locks. The electroplating units are manually operated and situated in and around 
residential areas. With no safety measure being taken into account, these units 
offer rudimentary medical and support services to the workers. The electroplaters 
are constantly being exposed to toxic substances, including nickel and chromium. 
Exposure to these metals and their putative deleterious effects on human health 
has long been a topic of worldwide public and scientific concern owing to the 
hazards caused by them. Some of the general properties and exposure data of 
nickel and chromium have been discussed in this study. 
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Nickel 
Nickel (Ni) is a silvery-white, hard, malleable, ductile, ferromagnetic metal. It is 
the 24* most abundant element in the Earth's crust, comprising about 3% of the 
composition of the earth and the 5"' most abundant element by weight after iron, 
oxygen, magnesium and silicon. Nickel is a naturally occurring element that can 
exist in various mineral forms. 
As a member of the transition metal series, it is resistant to corrosion by air, water 
and alkali, but dissolves readily in dilute oxidizing acids. Although it can exist in 
several different oxidation states, the only important oxidation state under 
environmental conditions is Ni . Nickel compounds can be grouped according to 
their solubility in water. Both the soluble and less-soluble nickel compounds are 
important with regard to all relevant routes of exposure. Generally, the soluble 
compounds are considered more toxic than the less-soluble compounds, although 
the less-soluble compounds are more likely to be carcinogenic at the site of 
deposition. 
The main uses of nickel are as follows: 
• Nickel is predominantly used in electroplating operations as it imparts 
corrosion resistance, heat resistance, hardness and strength. Nickel plate is one 
of the oldest protective-decorative electrodeposited metallic coatings for steel. 
Usually this is followed by a chromium top coat which is remarkably good in 
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protecting against corrosion of an assortment of materials ranging from 
automobiles to household appliances. 
• Nickel is used with other metals to form alloys to make items such as coins, 
jewelry, valves, heat exchangers and stainless steel. 
• Nickel compounds are also used to colour ceramics, in batteries, and as 
catalysts (ATSDR, 1997). 
• The nickel salts of greatest commercial importance are nickel chloride, 
sulphate, nitrate, carbonate, hydroxide, acetate and oxide (Grandjean, 1984; 
Clarkson, 1988). 
Toxicokinetics 
Human nickel exposure originates from a variety of sources and is highly variable. 
In the general population, contributions to the body burden from inhalation of nickel 
in the air and from drinking water are generally less important than dietary intake, 
and ingestion is considered to be the most important route of exposure. The 
absorption of nickel is dependent on its physicochemical form, with water-soluble 
forms (chloride, nitrate, sulphate) being more readily absorbed. In animals, the 
gastrointestinal tract absorbs 1-10% of the dietary nickel. Nickel binding to food 
components may also be pH dependent and thereby depend on the time interval 
between food consumption and ingestion of nickel (Solomons et al., 1982; 
Sunderman, 1989). In humans, the absorbed nickel average is 27.0 ± 17% of the 
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dose ingested in water and 0.7 ± 0.4% of the dose ingested in food (Sunderman et 
al., 1989). In general, due to its slow uptake from the gastrointestinal tract, ingested 
nickel compounds are considered to be relatively non- toxic, with the primary action 
being mainly irritation. However, when taken orally in large doses, some forms of 
nickel may be acutely toxic to humans (Bennett, 1982; Coogan et al., 1989; Young, 
1995). 
Several different investigators have reviewed the different mechanisms by which 
cells uptake different nickel compounds (Hausinger, 1993; Oiler et al., 1997). 
Nickel can enter animal cells by three different mechanisms: uptake via metal ion 
transport systems, diffusion of lipophilic nickel compounds through the 
membrane, and phagocytosis. Differences in cellular uptake of soluble and 
insoluble forms of nickel are believed to play a major role in the observed 
differences in nickel carcinogenicity among these compounds. Insoluble nickel 
compounds enter the cell via phagocytosis, while soluble nickel compounds are 
not phagocytized, but can enter via the magnesium transport system or through 
membrane diffiision.The latter two processes are much less efficient, so that the 
same extracellular levels of soluble and insoluble nickel compounds lead to lower 
nickel levels inside the cell for soluble nickel (Fletcher et al., 1994). 
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Routes of Exposure 
Air 
Typical average levels of airborne nickel are: 0.00001-0.003 ^g/m^ in remote areas 
and 0.003-0.03 vig/m" in urban areas having no metallurgical industry. In nickel 
processing industries, 0.2% of the work force may be exposed to 0.07-0.77 |ag/m 
of airborne nickel, which may lead to the retention of 100 ^g of nickel per day 
(Bencko, 1983; Grandjean, 1984; EHC, 1991; Clayton and Clayton, 1994; Chang, 
1996). Exposure occurs through inhalation or dermal contact where there are poor 
industrial hygiene practices (Clayton and Clayton, 1994; Chang, 1996). It usually 
involves the inhalation of one of the following substances: dust of relatively 
insoluble nickel compounds, aerosols derived from nickel solutions (soluble 
nickel) and gaseous forms containing nickel (nickel carbonyl) (EHC, 1991). 
Food 
Nickel is considered to be a normal constituent of the diet and its compounds are 
generally recognized as safe when used as a direct ingredient in human food (U.S. 
EPA, 1996). Rich sources of nickel include chocolates, nuts, dried beans, peas and 
grains. Nickel levels in foodstuffs generally range from less than 0.1 mg/kg to 0.5 
mg/kg. Food processing methods apparently add to the nickel levels via: 
• leaching from nickel-containing alloys in food processing equipment made 
from stainless steel. 
14 
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• the milling of flour, and 
• catalytic hydrogenation of fats and oils by use of nickel catalysts (Von 
Burg, 1997). 
On intake data and extrapolation from animal experiments, a dietary requirement 
for humans of 25-35 ^g/day has been suggested for nickel (Anke et al., 1993). An 
upper safe intake is difficult to determine but is assumed to be lower than 600 
^g/day. 
Water 
Nickel is widely associated with waste water effluents, sewage sludge and 
discharges from nickel alloy and stainless steel industries and may affect the 
drinking water in and around such areas. Drinking water may be contaminated 
from leaching of nickel plated taps, kettles and boring equipments. Drinking water 
generally contains nickel at concentrations less than 10 ng/litre but may reach 
1000 jig/litre in cases of excessive contamination. The major sources of trace 
metal pollution in aquatic ecosystems are domestic wastewater effluents and non-
ferrous metal smelters (especially As, Cr, Cu, Mn, Cd, Ni, Pb). Nickel is easily 
accumulated in the biota, particularly in the phytoplankton or other aquatic plants, 
which are sensitive bioindicators of water pollution. 
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Soil 
Nickel is generally distributed uniformly through the soil profile in several forms 
like inorganic crystalline minerals or precipitates, adsorbed on cation exchange 
surfaces, water soluble, free-ion or chelated metal complexes in soil solution 
(Bennett, 1982; Kasprzak, 1987; EHC, 1991; Scott-Fordsmand, 1997). Nickel 
typically accumulates at the surface from deposition by industrial and agricultural 
activities and may present a major problem in such areas. Its content in soil varies 
in a wide range from 3 to 1000 mg/kg, the highest concentration being found near 
industries that extract nickel from ore (Bencko, 1983; Scott-Fordsmand, 1997: 
Von Burg, 1997; ATSDR, 2005). This metal apparently does not seem to be a 
major concern outside urban areas at this time but may eventually become a 
problem as a result of decreased soil pH caused by reduced use of soil liming in 
agriculture and mobilization as a consequence of increased acid rain (Bencko, 
1983; Sunderman and Oskarsson, 1988; Scott-Fordsmand, 1997). Mielke et al. 
(2000) investigated the effect of anthropogenic metals on the geochemical quality 
of urban soils. The median nickel content was 3.9 p,g/g for fresh alluvium samples 
and 9.8 )ig/g for urban alluvial soils. Overall, significantly higher metal values 
occur in the inner city and lower values occur in outlying areas. 
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Occupational Exposure 
There are many processes that involve occupational exposures to nickel. The form 
of nickel to which workers are exposed differs in the various industries in which 
nickel is used. The initial processes that involve handling and purification of 
nickel-containing ores, such as mining, milling, and smelting operations typically 
involve higher exposures to insoluble than soluble nickel compounds (Warner, 
1984). These processes involve the purification of nickel from nickel ores. Impure 
nickel can undergo further purification during refining. Metal finishing involves 
solutions of soluble nickel salts. Three operations in the nickel industry have been 
identified in which airborne nickel exposures have been reported to be almost 
exclusively to soluble salts; electroplating, electrowiiming, and nickel chemicals 
industry segment. 
Electroplating 
A series of different processes is involved in metal finishing in which the 
characteristics of the surfaces of metal objects are modified to provide desirable 
physical properties, such as hardness, corrosion resistance, and reflectivity. The 
most common method of applying a nickel coating is electroplating. The process 
used in electroplating is called electrodeposition. An electrolytic cell is used which 
is analogous to a galvanic cell acting in reverse (Fig. 1). Here, the workpiece and a 
bar of nickel metal are connected to a source of direct current such that the 
17 
#>«»«> 
%" %' 
Ph.D. Thesis |»^-
Saba Qayyum Sf^^ Introduction & Review 'm. ysi^ 
workpiece is negatively charged with respect to the nickel bar. The workpiece is 
frequently called the cathode and the nickel bar is called the anode. The workpiece 
and the nickel anode are immersed in a solution of nickel salts in the plating bath. 
In the solution, the nickel exists as divalent ions (Ni^) complexed with water 
molecules or other chemical species also present in the solution. The nickel ions 
migrate to the cathode, where they receive electrons and are converted to nickel 
metal: 
Ni^ + 2e" • Ni 
In order to maintain electrical neutrality, electrons are removed from the nickel 
anode to form nickel ions: 
Ni • Ni^ + 2e' 
In essence, nickel is transferred from the metal anode through the aqueous plating 
bath to the workpiece. 
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Fig. 1: Schematic presentation of an electrolytic cell for electroplating a metal 
"M" from an aqueous solution of metal salt "MA". 
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Electrowinning 
Nickel refineries often employ a purification process called electrowinning, or 
electrolytic refining. This process involves purification of crude nickel in an 
electrolytic bath containing soluble nickel salts. Appropriate electrolytic 
conditions require constant mixing of the bath, which is usually accomplished by 
bubbling air through the solution. The agitation of the solution generates aerosols 
of soluble nickel salts that can enter the plant environment and result in worker 
exposure. 
Nickel chemicals industry 
A third nickel operation with relatively high soluble nickel exposure is the nickel 
chemicals industry which includes the use of many different compounds. The 
manufacture and processing of nickel sulfate and nickel chloride, as well as the other 
soluble salts used in electroplating are included in this category. Facilities that 
manufacture nickel pigments (insoluble), coatings for welding rods, and miscellaneous 
substances such as nickel carbonate and oxide are also usually included. The soluble 
nickel salts are handled as crystalline solids as well as solutions. However, no human 
health observations have been published for workers in this industry segment. 
Hazard Potential 
Various forms of nickel like alloys and compounds have been in widespread 
commercial use for over a century. Several million workers worldwide are 
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exposed to airborne fiimes, dusts and mists containing nickel and its compounds. 
Exposures by inhalation, ingestion or skin contact occur in electroplating, nickel 
alloy production plants as well as in welding, grinding and cutting operations. 
Nickel is also known to affect non-occupationally exposed individuals mainly as a 
contaminant in drinking water or as a constituent/contaminant of food, handling of 
stainless steel and nickel-plated articles such as coins, jewellery and even mobile 
phones (Grandjean, 1984; EHC, 1991; Clayton and Clayton, 1994; Klaassen, 
1996; Rudzki, 2000; Haber et al., 2000; Rudzki and Rebandel, 2001; Templeton. 
2004). Nickel is a common sensitizing agent with a high prevalence of allergic 
contact dermatitis (Kitaura et al., 2003; Cavani, 2005). Of the general population, 
approximately 8-10% of women and 1-2% of men demonstrate sensitivity to 
nickel. Exposure to nickel salts can cause 'nickel itch', which causes burning and 
itching sensations in the hands, followed by abnormal redness of the skin and 
nodular eruption on the web of fingers, wrists and forearms. In clinical cases, 
allergic contact hypersensitivity to nickel develops much more readily in inflamed 
skin than normal skin (Kitaura et al., 2003). Nickel hypersensitivity also causes 
asthma, conjunctivitis, inflammatory reactions to nickel-containing prostheses and 
implants, and systemic reactions after administration of nickel-contaminated fluids 
and medications. 
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Inhalation exposure in occupational settings is a primary route for nickel-induced 
toxicity, and may cause toxic effects in the respiratory tract and immune system 
(Young, 1995). An earlier study suggested that the higher number of antigens due 
to larger nickel load resulted in a greater number of patients reacting (Gawkrodger 
et al., 2000). Nickel tends to persist in the lungs of humans and of experimental 
animals, and increased concentrations are seen notably in workers after inhalation 
of nickel (Tola et al., 1979; Bemacki et al., 1980; Ghezzi et al., 1989). The nasal 
mucosa may retain nickel for many years. Nickel carbonyl is the most acutely 
toxic nickel compound and causes severe damage to the respiratory system in 
experimental animals and in humans (U.S. EPA, 1998). 
Occupational studies have played a key role in the determination of the risk of 
cancer in humans from exposure to nickel compounds. Nickel compounds have 
been well established as carcinogenic in many animal species and by many modes 
of human exposure but their underlying mechanisms are still not fully understood 
(Sunderman et al., 1990; EHC, 1991; Clayton and Clayton, 1994; Chang, 1996: 
Spectrum, 1998). Some studies have demonstrated that nickel metal dusts and 
some nickel compounds are extremely potent carcinogens after inhalation but the 
carcinogenic risk is limited to conditions of occupational exposure (Chang, 1996: 
Spectrum, 1998; Haber et ah, 2000). In some cohort studies, nickel compounds 
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have been shown to be responsible for lung and nasal cancers in occupationally 
exposed workers (Easton et al., 1992; Andersen et al., 1996; Anltila et al., 1998). 
The bioavailability of nickel and the presence of constituents that promote 
oxygen-free radical reactions evidently influence the carcinogenicity of nickel 
compounds. Not all nickel compounds are equally carcinogenic, because their 
carcinogenic potency is directly related to their ability to enter cells. Certain 
water-insoluble nickel compounds exhibit potent carcinogenic activity, whereas 
highly water soluble nickel compounds exhibit less potency. As suggested by the 
growing literature on nickel carcinogenesis, the initial events in environmentally 
induced cancers may be a combination of gene induction and gene silencing by 
epigenetic DNA methylation that leads to cancer cell selection (Sunderman, 1989; 
Lee et al., 1995; Costa and Klein, 1999; Broday et al., 2000). One possible mode 
by which nickel causes cell death may involve oxidative reactions such as nickel-
induced lipid peroxidation (LPO). 
The International Committee on Nickel Carcinogenesis in Man (ICNCM, 1990) 
has made an evaluation of nickel compounds on the basis of the combined results 
of epidemiological studies, carcinogenicity studies in experimental animals, and 
several types of other relevant data. The overall evaluation states that nickel 
compounds are carcinogenic to humans (Group 1) and metallic nickel is placed in 
Group 2B as possibly carcinogenic to humans (ICNCM, 1990). 
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Genotoxicity of Nickel 
Evidence for genotoxicity of nickel is mixed, although water soluble nicke! 
compounds have been generally consistent in inducing effects in mammalian 
assays, particularly mutagenic responses and DNA damage in vitro, chromosomal 
effects including aberrations and sister chromatid exchanges in vitro and in vivo, 
and carcinogenic transformation of mammalian cells in vitro. 
Soluble nickel directly enters the cytoplasm, where it binds to cellular proteins, 
decreasing its bioavailability to enter the nucleus and interact with DNA (Costa et 
al., 1981). On the other hand, insoluble nickel is retained in vacuoles, and migrates 
to the region near the nucleus (Evans et al., 1982). The retention of phagocytosed 
insoluble nickel particles in vacuoles decreases the opportunity for insoluble 
nickel to interact with cytosolic macromolecules, thus decreasing the potential for 
cytotoxicity or for interactions that render the nickel unavailable for interacting 
with DNA. The net result of these differences is that exposure to insoluble nickel 
compounds results in higher DNA binding than exposure to similar levels of 
soluble nickel compoimds (Harnett et al., 1982). 
Cytotoxicity is important for two reasons. First, in order for cancer to develop, the 
altered cell must survive and transmit precancerous changes to its daughter cells. 
Secondly, high levels of cytotoxicity (resulting ultimately in organ toxicity) can 
prevent a chemical from being tested at high enough doses for cancer to be 
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evident. Thus, though the observation of DNA damage and chromosome 
aberrations in cell cultures suggest a potential for direct genotoxic effects of 
soluble nickel under certain in vitro conditions (e.g., absence of extracellular 
amino acids and serum proteins), these effects may be prevented or greatly 
attenuated in vivo by extracellular complexation and other elimination 
mechanisms limiting the availability of extracellular Ni to the cell interior and 
nucleus. 
In vitro assays have demonstrated that soluble nickel compounds are non-
mutagenic in bacteria and other prokaryotes (Arlauskas et al., 1985; Marzin and 
Phi, 1985; Biggart and Costa, 1986; Wong, 1988). Nickel salts are reported to 
cause DNA damage in mammalian cells in vitro and/or in vivo including inhibition 
of DNA replication and transcription, DNA depurination, and structural aheration 
of DNA from the normal right-handed B-helix to the left-handed Z-helix 
conformation (Sunderman, 1989; Coogan et al., 1989). DNA damage induced by 
nickel chloride and sulfate in vitro included strand breaks and nickel-DNA-protein 
crosslinks in cultured human and rat gastric mucosal cells, Chinese hamster ovary 
cells, human osteosarcoma cells, and rat hepatocytes (Fomace, 1982; Swierenga 
and McLean, 1985; Conway et al., 1987), although no strand breaks were detected 
in human fibroblasts (Hamilton-Koch et al., 1986) or human gastric mucosal cells 
(Pool-Zobeletal., 1994). 
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Nickel chloride and nickel sulfate induced chromosome aberrations and sister-
chromatid exchanges in Chinese hamster ovary and embryo ceils, mouse 
mammary carcinoma cells, and human peripheral lymphocytes in vitro (Nishimura 
and Umeda, 1979; Larramendy et al., 1981; Sen and Costa, 1985; Conway et al., 
1987; Conway and Costa, 1989; Lin et al., 1991; Howard et al., 1991; Sahu et al., 
1995; Lamberti et al., 2004). Clastogenic effects of soluble nickel sahs include in 
vivo induction of micronuclei in polychromatic erythrocytes (DeKnudt and 
Leonard, 1982) and sperm head abnormalities in mice (Sobti and Gill, 1989). 
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Chromium 
Chromium is a grey, hard metal naturally occurring element present in rocks, soils, 
plants, animals, and volcanic emissions. Chromium may exist in several chemical 
forms and valence states in the environment. The most commonly occurring 
valence states are chromium metal (0), trivalent Cr (III), and hexavalent Cr (VI). 
The primary sources of chromium in the environment are chromate chemicals 
used as rust inhibitors in cooling towers and emitted as mists, particulate matter 
emitted during manufacture and use of metal chromates, and chromic acid mist 
from the chrome plating industry. 
The vast majority of chromium in the earth's crust is in chromite ores as 
chromium (III), while Cr (VI) and chromium metal are most often products of 
industrial processes (NTP, 2005). Hexavalent chromium compounds are usually 
called chromates and the most common in industry include potassium chromate 
and dichromate, sodium chromate and dichromate, lead chromate, calcium 
chromate, and chromium trioxide (NTP, 2005). Hexavalent chromium in the 
atmosphere may react with dust particles or other pollutants to form trivalent 
chromium, or may be removed from air by atmospheric fallout and precipitation. It 
may exist in aquatic media as water soluble complex anions and may persist in 
water. Hexavalent chromium in soil tends to be reduced to trivalent chromium by 
organic matter. 
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The main uses of chromium are as follows: 
/ 
• Super alloys containing chromium are used in applications requiring high 
temperature strength such as jet engines, gas turbines and chemical process 
equipment. There is no substitute for chromium in the production of stainless 
steel or super alloys (U.S. Geological Survey, 2007); South Africa and 
Kazakhistan being the world's leading producers of chromium-containing ores. 
• The lock industry uses extensive chromium plating for imparting 
corrosion/oxidation resistance to locks. 
• Refractory chromite is used in cement kilns and in the glass industry. 
• There is a high demand of chromium chemicals, primarily sodium chromate. 
which is the base material for other chemicals and products used in the leather 
tanning industry, in coloured pigments and paints, plastics and ceramics, and 
metal finishing. 
• Chromium compounds are also used as dyes in the textile industry, as oxidants 
and catalysts in the production of saccharin, for bleaching and purification of 
oils, fats and chemicals, and to promote water insolubility in glues, inks and 
gels. 
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• Chromated copper arsenate (CCA) is a wood preservative that contains 
hexavalent chromium and is still widely used in industrial applications (e.g., 
utility poles, pilings, highway construction). 
Toxicokinetics 
The toxicokinetics of a given chromium compound depends on the valence state of 
the chromium atom and the nature of its ligands. Naturally occurring chromium 
compounds are generally in the trivalent state while hexavalent chromium 
compounds are produced industrially by the oxidation of Cr (III) compounds. 
In general, toxicity of chromium is mainly caused by hexavalent compounds as a 
result of a higher cellular uptake of Cr (VI) compounds than Cr (III). This is 
explained by the fact that the chromate anion (Cr04)^" can enter the cells via 
facilitated diffusion through non-specific anion channels, similar to phosphate and 
sulfate anions (Wiegand et al., 1985). Hexavalent chromium is unstable in the 
body and is reduced intracellularly by many substances including ascorbate and 
glutathione, providing very reactional pentavalent and trivalent chromium (Petrilli 
and DeFIora, 1978; Debetto and Luciani, 1988). The reduction by ascorbate is 
more rapid than by glutathione, and results in a shorter residence time for 
chromium in the lungs (Suzuki and Fukuda, 1990). During reduction to the 
trivalent form, chromium may interact with cellular macromolecules, including 
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DNA (Wiegand et al., 1985), or may be slowly released from the cell (Bishop and 
Surgenor, 1964). While Cr (III) compounds are unable to cross the red cell 
membrane by this pathway, they may enter red blood cells, but only with very low 
efficiency (O'Flaherty, 1996). Absorption of Cr (III) compounds occurs via 
passive diffusion and phagocytosis. 
Routes of Exposure 
The entry routes of chromium into the human body are inhalation, ingestion, and 
dermal absorption. Occupational exposure generally occurs through inhalation by 
air and dermal contact, whereas the general population is exposed most often by 
ingestion through chromium content in soil, food, and water. 
Air 
Chromium can be absorbed from the lungs after inhalation from air. This is 
indicated by the detection of high concentration of the element in urine, serum and 
tissues of humans occupationally exposed to soluble Cr (III) or Cr (VI) 
compounds in air. The absorption of inhaled chromium compounds depends on a 
number of factors, including physical and chemical properties of the particles 
(oxidation state, size, solubility) and the activity of alveolar macrophages. Cr (VI) 
is reduced to Cr (III) in the lower respiratory tract by the epithelial lining fluid and 
by pulmonary alveolar macrophages (Dayan and Paine, 2001). After human 
exposure to Cr (III) by inhalation, urinary concentrations of chromium were found 
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to be increased indicating respiratory absorption (Aitio et al., 1984; Foa et al., 
1988; Dayan and Paine, 2001). 
Food 
Cr (III) potentiates the action of insulin in peripheral tissue and is essential for 
animals and human beings. In its biologically active form (glucose tolerance 
factor, or GTF, a dinicotinatochromium (III) glutathione-like complex), facilitates 
interaction of insulin with its receptor site, influencing glucose, protein, and lipid 
metabolism. The National Research Council has identified an estimated safe and 
adequate daily dietary intake (ESADDI) for chromium of 50-200 |xg/day (NRC. 
1989). FDA has selected a Reference Daily Intake for chromium of 120 p-g/day 
(DHHS, 1995). 
Absorption after oral exposure in humans varies from essentially none for the 
highly insoluble Cr (III) compounds (chromic oxide), to 0.5-2.0% of the dose for 
Cr (III) compounds in the diet, and approximately 2-10% for Cr (VI) such as 
potassium chromate. In general, Cr (VI) compounds are better absorbed through 
the intestinal mucosa than the Cr (III) compounds. However, due to the actions of 
stomach acid and other components within the gastrointestinal tract, most of an 
ingested Cr (VI) dosage is converted to Cr (III) by the gastric juices (DeFlora et 
al., 1987; Cohen etal., 1993). 
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Water 
The concentration of chromium in water varies according to the type of the 
surrounding industrial sources and the nature of the underlying soils. An analysis 
of tap water samples in representative cities of the United States showed a 
chromium concentration ranging from 0.4 to 8 )ig/litre (U.S. EPA, 1984). 
Occupational Exposure 
Occupational exposure to chromium compounds has been studied in the chromate-
production, chrome-plating and chrome pigment, ferrochromium production, gold 
mining, leather tanning, and chrome alloy production industries. 
Workers in the chromate industry are exposed to both trivalent and hexavalent 
compounds of chromium. Absorption of inhaled chromium following occupational 
exposure has been demonstrated by the measurement of chromium in the serum, 
urine, and hair of workers in the chromium industry (Tossavainen et al., 1980; 
Randall and Gibson, 1987; Minoia and Cavalleri, 1988). The permissible exposure 
level (PEL) is set at 5 ug/m^, calculated as an eight-hour, time-weighted average 
(OSHA, 2006). In occupational settings, urinary concentrations of chromium are 
principally the reflection of the hexavalent soluble quantity recently absorbed. 
Workers exposed mainly to Cr (VI) compounds show higher urinary chromium 
concentrations than workers exposed primarily to Cr (III) compounds. The 
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hexavalent form of chromium is not detected in urine, indicating that Cr (VI) is 
rapidly reduced before excretion. 
Hazard Potential 
Chromium is one of the most common contact sensitizers in males in 
industrialized countries (Cronin, 1980; Haines and Nieboer, 1988; Fowler, 1990) 
and is associated with occupational exposures to numerous materials and 
processes, including chrome plating baths, chrome colours and dyes, cement, 
tanning agents, wood preservatives, anticorrosive agents, welding fixmes. 
lubricating oils and greases, cleaning materials, and textiles and furs (Burrows and 
Adams, 1990). Dermal exposure to chromium has been demonstrated to produce 
irritant and allergic contact dermatitis (Hunter, 1974; Polak et al., 1973; Cronin. 
1980; Bruynzeel et al., 1988; U.S. EPA., 1998; Greenberg, 2003). Primary irritant 
dermatitis is related to the direct cytotoxic properties of chromium, while allergic 
contact dermatitis is an inflammatory response mediated by the immune system. 
Allergic contact dermatitis is a cell-mediated immune response that occurs in a 
two-step process. In the first step (induction), chromium is absorbed into the skin 
and triggers an immune response (sensitization). Chromium allergic dermatitis is 
characterized by symptoms of erythema, swelling, papules, small vesicles, 
dryness, scaling, and Assuring (Adams, 1990). The major manifestations are ulcers 
(chrome holes). Ulceration is likely to occur among workers who have contact 
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with high concentrations of chromic acid, sodium or potassium dichromate or 
chromate, or ammonium dichromate. An ulcer may develop if the chromium 
compound comes into contact with any break in the skin such as an abrasion, 
scratch, puncture, or a laceration. Data from volunteers and indirect evidence from 
occupational studies indicate that absorption of Cr (VI) compounds can also occur 
through intact skin (Baranowska-Dutkiewicz, 1981). A fairly rapid transformation 
of dermatitis into eczema is a characteristic feature of chromium-induced skin 
lesions. Patients suffering from chromium-induced allergic skin dermatoses may 
have a tendency to develop cross-correlated hypersensitivity to other metals, in 
particular, to cobalt and nickel. 
The appearance of ulcerations and subsequent perforations of the nasal septum 
following exposure to Cr compounds is considered to be one of the markers of 
toxic effects resulting from exposure. Deposition of particulates containing Cr 
(VI) may explain the occurrence of septal ulceration at low levels of exposure 
(Lindberg et al., 1985). Chrome ulcers and corrosive reactions on the nasal septum 
have been recorded among subjects exposed to Cr (VI) compounds (Lindberg and 
Hedenstiema, 1983; U.S. EPA, 1984; lARC, 1990). Nasal pathology has been 
3 
attributed to Cr (VI) concentrations ranging from 1-20 |ig/m (Lucas and 
Kramkowski, 1975). 
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Necrosis of the kidneys, starting with tubular necrosis and undamaged glomeruli, 
as well as diffuse necrosis of the liver by chromium has been reported (Kaufman 
et al., 1970). In the kidneys, high doses of chromates (10-20 mg/kg) induce 
necroses of the proximal and distal tubule (Kaufman et al., 1970; Langard, 1983; 
Langard and Norseth, 1986). According to experiments in which mice were 
injected with Cr (VI), this toxic effect may be inhibited by adding agents that 
supply glutathione, whereby this was seen to prevent Cr (VI) from harming the 
mouse kidney (Hojo and Satomi, 1991). Exposure to Cr (VI) at concentrations as 
3 
low as 4 to 6 ng/m has been reported to result in elevated excretion of B-2-
microglobulin (Lindberg and Vesterberg, 1983). 
Results of occupational epidemiologic studies of chromium-exposed workers 
across study populations consistently demonstrate that chromium is carcinogenic 
by the inhalation route of exposure. In experimental animals, it is reported that 
the hexavalent form of chromium is a potent teratogen, primarily affecting bone 
formation. Hexavalent chromium compounds have produced lung tumors 
following inhalation or intra-tracheal administration of aerosols of sodium 
chromate and dichromate and pyrolized Cr (VI) or Cr (III) oxide mixtures, 
intrapleural and intrabronchial implant site tumors for various Cr (VI) compounds 
and subcutaneous injection site sarcomas in rat. Inflammation is considered to be 
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essential for the induction of most chromium inhalation effects and may influence 
the carcinogenicity of Cr (VI) compounds (Glaser et al., 1985). A large number of 
epidemiological studies have been carried out on the association between human 
exposure to chromates and the occurrence of cancer, particularly lung cancer, but 
only a few of these include measurements of exposure (Langard and Norseth, 
1975; Hayes et al., 1979; Langard, 1980; Langard and Vigander, 1983; Braver et 
al., 1985). 
Applying the criteria outlined in the Guidelines for Carcinogen Risk Assessment 
(U.S. EPA. 1986) for evaluating the overall weight of evidence for carcinogenicity 
to humans, hexavalent chromium is most appropriately designated a Group A -
Known Human Carcinogen, with a well-established link to lung cancer (lARC. 
1990; NTP, 2005). Compounds of chromium (III) are not classifiable as to their 
carcinogenicity (lARC, 1990). 
Genotoxicity of Chromium 
Hexavalent chromium, Cr (VI) is a strong clastogen and produces chromosome 
aberrations and sister chromatid exchanges. Once inside the cell, Cr (VI) is 
quickly reduced to the trivalent form by cellular reductants. The intracellular 
reduction of Cr VI generates reactive Cr (V) and Cr (IV) intermediates as well as 
1 
hydroxyl free radicals (OH) and singlet oxygen ( O^). A variety of DNA lesions 
are generated during the reduction of Cr (VI) to Cr (III), including DNA strand 
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breaks, alkali-labile sites, DNA-protein and DNA-DNA crosslinks, and oxidative 
DNA damage, such as 8-oxo-deoxyguanosine. 
Chromium has been shown to be mutagenic in bacterial systems in the absence of 
a mammalian activating system (Venitt and Levy, 1974; Nakamuro et al., 1978: 
Kanematsu et al., 1980; Fukanaga et al., 1982), and not mutagenic when a 
mammalian activating system is present (Petrilli and DeFlora, 1977, 1978: 
Lofroth, 1978). Hexavalent chromium is also mutagenic in eukaryotic test systems 
(Bonatti et al., 1976; Newbold et al., 1979; Fukanaga et al., 1982; Quievryn et al., 
2003) and clastogenic in cultured mammalian cells (Raffetto, 1977; Umeda and 
Nishimura, 1979; Gomez-Arroyo et al., 1981; Sarto et al., 1982) and human 
lymphocytes (Lai et al., 1998). Cr (VI) in the presence of glutathione has been 
demonstrated to produce genotoxic DNA adducts that inhibit DNA replication and 
are mutagenic (Snow, 1994; O'Brien et al., 2001). 
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Study Plan 
A cohort study involving 150 subjects to evaluate the genotoxic effects through 
sub-chronic and chronic exposure to the heavy metals nickel and chromium in the 
electroplating industry is attempted here. All subjects were males and sampling 
was done in the morning hours, during work-shift. Consent of all the subjects was 
taken, after informing the objective of this study. The individuals included in the 
study were classified into three groups based on their exposure history. Group 1 
represents the controls while Group II and III represent sub-chronic and chronic 
exposures, respectively. 
• Group I 
Control subjects who were normal healthy individuals with no previous 
history of illness and no exposure to nickel or chromium at the time of 
investigation. 
• Group II 
Electroplaters employed in nickel-chromium plating for duration of less 
than 10 years. The range of duration of exposure was 1-9 years. 
• Group III 
Electroplaters exposed to nickel and chromium for a period of equal to or 
greater than 10 years. The duration of exposure ranged from 10-25 years. 
The groups had mean age of 25.85±4.65 years ranging from 18-35 years. 
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The genotoxic effects of nickel and chromium have been evaluated through 
different parameters depicting genotoxicity either as a direct function of DNA 
damage or as damage to any other gene product (enzymes, proteins). The 
parameters included in this study are: 
• Estimation of concentrations of nickel and chromium in the plasma using 
Atomic Absorption Spectrophotometer (AAS). 
• Micronucleus test in exfoliated buccal cells, as a function of micronuclei 
induction as well as other nuclear anomalies like karyorrhexis, karyolysis, 
pyknosis. 
• Haemotological investigations including blood cell counts and peripheral 
smear examination. Abnormalities such as anisocytosis, poikilocytosis, 
Howell-Jolly bodies are included. 
• Liver enzymes levels using liver function test. 
• Levels of some other relevant enzymes (serum albumin, total protein, lipid 
peroxidation and total antioxidant status) which are important indicators of 
toxicity by oxidative damage. 
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Objectives 
The main objectives of the present study are: 
1. An overall account of the general health of the electroplaters exposed to 
nickel and chromium. 
2. To measure the levels of nickel and chromium in occupationally exposed 
electroplaters by Atomic Absorption Spectrophotometry (AAS). 
3. Evaluation of the genetic damage due to nickel and chromium using the 
micronucleus test (MNT) in buccal cells. 
4. Assessment of clinical pathology through microscopic examination of 
blood smears to find out haematological abnormalities. 
5. Determination of the integrity of the liver by measurement of liver enzyme 
levels in serum using the Liver Function Test (LFT). 
6. An overall assessment of physiological abnormality by estimation of 
relatively important markers of oxidative stress-serum albumin, total 
protein, lipid peroxidation and total antioxidant status. 
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Introduction 
Heavy metals are stable and persistent environmental contaminants. The 
electroplaters employed in the lock industry are inclined to possible occupational 
exposure of nickel and chromium. A person spends, on an average, one third of his 
life at his work place, therefore, the environment in v^hich he works can be a 
major factor in determining health. 
Nickel is a ubiquitous metal frequently responsible for allergic skin reactions and 
has been reported to be one of the most common causes of allergic contact 
dermatitis, as reflected by positive dermal patch tests (Clarkson, 1988; EHC, 1991; 
Kitaura et al., 2003; Cavani, 2005). Gawkrodger et al. (2000) suggested that the 
higher number of antigens, or perhaps the larger nickel load, in the extended metal 
series resulted in a larger proportion of patients reacting. Of the general 
population, approximately 8-10% of women and 1-2% of men demonstrate 
senshivity to nickel. Contact dermatitis, which results from dermal exposure to 
nickel, is the most prevalent effect of nickel in the general population. Nickel 
dermatitis produces erythema, eczema and lichenification of the hands and other 
areas of the skin that come in contact with nickel. 
Nickel is also known to affect non-occupationally exposed individuals, especially 
those handling stainless steel and nickel-plated articles of everyday use, because 
nickel is a common sensitizing agent with a high prevalence of allergic contact 
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dermatitis (Bencko, 1983; Bour et al., 1994; Kitaura et al., 2003; Cavani, 2005). 
Initial sensitisation to nickel is believed to result from dermal contact but recurring 
flares of eczema, particularly of the hands, may be triggered by ingestion. 
Numerous studies have been conducted to attempt to establish the relationship 
between nickel exposure and dermal irritation. Several studies indicate that a 
single oral dose of nickel can flare-up the dermatitis in nickel-sensitive individuals 
(Christensen and Moller, 1975; Cronin, 1980; Gawkrodger et al., 1986; Hindsen et 
al., 2001; Jensen et al., 2003). However, no change in nickel toxicokinetics was 
found in relation to nickel allergy (Nielsen et al., 1999). Nickel hypersensitivity 
also causes asthma, conjunctivitis, inflammatory reactions to nickel-containing 
prostheses and implants, and systemic reactions after parenteral administration of 
nickel-contaminated fluids and medications. 
Chromium is an important component of the electroplating industry. Chromium 
plating liquid contains mostly hexavalent chromium, which causes most of the 
toxic effects, including cancer. Hexavalent chromium is a more potent skin 
penetrant than the trivalent form (Wahlberg and Skog, 1965; Hostynek et al., 
1993). 
Chromium is a significant cause of occupational allergic contact dermatitis 
(ACD). In Finland, during a 7 yr period (1991-97) chromium was found to cause 
5.6% of all ACD. The incidence rate in electroplating per 10000 working years 
was 3.66 (Kanerva et al., 2000). Symptoms from breathing chromium may include 
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runny nose, sneezing, coughing, itching, and a burning sensation from irritation or 
damage to the nose, throat, and lung. In severe cases, sores can develop in the nose 
and result in nosebleeds. Direct contact with Cr (VI) compounds also causes 
dermal irritation, slow-healing ulcers and nasal septum lesions (Miksche and 
Lewalter. 1997). Ulcers can develop and with continuous exposure permanent 
perforations in the nasal septum can occur (DOSH, 2009). Electroplaters 
occupationally exposed to chromium may develop work-related asthma, wheezing 
and shortness of breath. 
Dermal exposures to hexavalent chromium can result in skin ulcers commonly 
referred to as chrome holes and may also lead to dermatitis (DOSH, 2009). They 
have a corrosive action when they enter the skin through a minor nick or break in 
the skin, resulting in the formation of the ulcers. Typically the lesions are found on 
fmgers, hands, forearms or the soles of the feet when chrome salts have been 
allowed to permeate boots or shoes. The lesions are usually painless and persist for 
many months before spontaneously healing with a permanent scar. 
Thus, as literature cites, electroplaters occupationally exposed to nickel and 
chromium may show a wide range of physiological abnormalities. The symptoms 
seen in electroplaters have been compiled in the present study and give an idea of 
the overall general health of these workers. 
Table-1 summarizes some of the common symptoms seen in electroplaters. 
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Table-1: Common symptoms seen in electroplaters. 
Symptom Description 
Malaise 
Conjunctivitis 
A feeling of general discomfort or uneasiness, 
often the first indication of an infection or other 
disease. 
An inflammation of the conjunctiva (the 
outermost layer of the eye and the inner surface 
of the eyelids), most commonly due to an 
allergic reaction or an infection (usually viral, 
but sometimes bacterial). 
It is irritable or painful when the infected eye is 
pointed far down or far up. Discharge and itch 
are usually absent. This is the only group in 
which severe pain may occur. 
If due to splash injury, it is often present only in 
the lower conjunctival sac. With some 
chemicals like caustic alkalis there may be 
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Keratitis 
Pallor 
Icterus 
necrosis of the conjunctiva with a deceptively 
white eye due to vascular closure, followed by 
sloughing of the dead epithelium. 
A condition in which the eye's cornea, becomes 
inflamed. The condition is often marked by 
moderate to intense pain and usually involves 
impaired eyesight. 
A reduced amount of oxyhemoglobin in skin or 
mucous membrane, a pale color which may be 
due to illness, anemia, emotional shock or 
stress. It can develop suddenly or gradually, 
depending on the cause. 
Jaundice, also known as icterus, is a yellowish 
discoloration of the skin, the conjunctival 
membranes over the sclerae, and other mucous 
membranes caused by hyperbilirubinemia 
(increased levels of bilirubin in the blood). This 
hyperbilirubinemia subsequently causes 
increased levels of bilirubin in the extracellular 
fluids. 
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Erythema 
Epiphora 
Dermatitis 
Hyperkeratosis 
Rhinitis 
Redness of the skin, caused by congestion of 
the capillaries in the lower layers of the skin. It 
occurs with any skin injury, infection, or 
inflammation. 
Overflow of tears onto the face. A clinical sign 
or condition that constitutes insufficient tear 
film drainage from the eyes such that tears will 
drain down the face rather than through the 
nasolacrimal system. 
It is a blanket term meaning inflammation of the 
skin. It includes skin rashes notable for dark 
red, raised, itchy bumps. 
Thickening of the stratum comeum, often 
associated with a qualitative abnormality of the 
keratin. It can be caused by Vitamin A 
deficiency. 
Commonly known as a rurmy nose, it is the 
medical term describing irritation and 
inflammation of some internal areas of the nose. 
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Urticaria 
Nickel Itch 
Halitosis 
The primary symptom of rhinitis is nasal 
dripping. It is caused by chronic or acute 
inflammation of the mucous membrane of the 
nose due to viruses, bacteria or irritants. The 
inflammation results in the generating of 
excessive amounts of mucous, as well as nasal 
congestion and post-nasal drip. 
A kind .of skin rash notable for dark red, raised, 
itchy bumps. 
Dermatitis caused by nickel sensitivity, often 
appearing as a chronic eczema with 
lichenification resembling atopic or 
neurodermatitis. 
Noticeably unpleasant odours exhaled in 
breathing - whether the smell is from an oral 
source due to bacteria or otherwise. 
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Survey 
The study was carried out on 150 subjects. All subjects were males and sampling 
was done in the morning hours, during work-shift. Consent of all the subjects was 
taken, after informing the objective of this study. 
Subjects were categorized into three groups depending upon exposure history: 
• Group I 
Control subjects who were normal healthy individuals with no previous 
history of illness and no exposure to nickel or chromium at the time of 
investigation. 
• Group II 
Electroplaters employed in nickel-chromium plating for duration of less 
than 10 years. The range of duration of exposure was 1-9 years. 
• Group III 
Electroplaters exposed to nickel and chromium for a period of equal to or 
greater than 10 years. The duration of exposure ranged from 10-25 years. 
The groups had mean age of 25.85±4.65 years ranging from 18-35 years. 
• A questionnaire was used to collect data fi"om each subject. It included 
questions on nature and duration of work, smoking and drinking habits, 
medical history and a symptomatology checklist of some common 
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symptoms associated with skin, respiratory tract and dental problems. A 
sample of the questionnaire is given in Fig. 2. 
Smokers, tobacco chewers or alcohol drinkers were not included in this 
study so as to rule out any external factor which might lead to external 
induction of the variables included in this study. 
All individuals were clinically examined for any irregularity in their general 
health. 
Body Mass Index (BMI) was calculated for each individual and mean 
values for each group were determined. 
Frequencies in % were calculated of all the parameters included in the 
study. 
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PROFORMA 
Date/ Time of Examination: 
Name: 
Age: 
Weight: 
Height: 
Address: 
Educational Status: 
Marital Status: 
Occupation/ Trade where employed: 
Duration of work/ Nature of job: 
Any history or work elsewhere/ Duration and nature of that job: 
History 
Chief complaints: 
History of present illness: 
Personal history: 
(Nutrition, Drug dependence including alcohol, tobacco, any other drug) 
Past Illness: 
No. and sex of offsprings, miscarriages: 
General Examination 
General condition: 
Mental Status: 
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Sympatamology Checklist 
GENERAL 
Malaise 
Tiredness 
Headache 
Recurrent Infections 
Any other 
SIQN 
Dermatitis 
Urticaria 
Hyperkeratosis 
Chrome holes (Corrosive Lesions) 
Nickel Itch 
CHEST 
Cough 
Sputum (Colour,smell, blood) 
Chest Pain 
Wheezes 
Tight chestedness 
Shortness of breath 
Associated lymphoadenopathy 
EYES 
Conjunctivitis 
Keratitis 
Ulceration of the lids 
Pallor 
Icterus 
Erythema 
Epiphora 
UPPER RESPIRATORY TRACT (URT) 
Nasal irritation 
Sore throat 
Hoarseness 
Sinusitis 
Rhinitis 
Metallic taste 
Perforated nasal septum 
Nasal polyposis 
ORAL 
Dental erosion 
Dental discolouration 
Halitosis 
Fig. 2: A sample of the questionnaire used to collect general medical history of 
electroplaters. 
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Results 
The results of the questionnaire based survey are represented in Table-2 and Fig. 3. 
The body mass index (BMI) showed a decrease from 20.46±3.65 kg/m" in control 
Group I to 19.80±2.03 in Group II and 17.46±2.31 kg/m" in Group III of 
eleclroplaters. The vital symptoms like malaise, dizziness, fever, tiredness had 
high prevalence in Group II with frequency of 24.00±2.64% while Group III had 
20.00±1.8% prevalence. Similarly, various other abnormalities were also seen to 
be more elevated in Group II than in Group III. Eye problems were observed in 
1.00±0.43% of the Group II individuals and 0.96±0.14% in Group III. 
Conjunctivitis and erythema were the most predominant among eye problems. 
Skin allergies, dermatitis, chrome holes etc. were recorded in 2.00±0.69% of the 
Group II and 1.40±0.47% of the Group III eleclroplaters. Problems in the upper 
respiratory tract were also higher in Group II with prevalence of 4.00±1.82% as 
compared to 3.24±1.26% in Group III. Cough, lighl-chestedness. shortness of 
breath and other chest related problems were relatively high in eleclroplaters of 
Group II with frequency of 16.00±5.73% than 5.00±2.14% in Group III. Dental 
discolouration was the major problem among other dental disorders seen in 
eleclroplaters. 8.00±3.81% of the Group II and 3.00±0.96% of the Group III 
individuals showed some type of dental disorder. No cases of mental illness were 
found. 
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Table-2: General information on study subjects. 
Variables 
BMI (Kg/m^) 
Vital Symptoms (%) 
Eye Problems (%) 
Skin Problems(%) 
URT Problems (%) 
Chest Problems (%) 
Dental Problems (%) 
Group I 
(n=50) 
20.46±3.65 
0 
0 
0 
0 
0 
0 
Group 11 
(n=50) 
19.80±2.03 
24.00±2.64 
1.00±0.43 
2.00±0.69 
4.00±1.82 
16.00±5.73 
8.00±3.81 
Group III 
(n=50) 
17.46±2.31 
20.00±1.80 
0.96±0.14 
I.40±0.47 
3.24±1.26 
5.00±2.14 
3.00±0.96 
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Discussion 
Human exposure to highly nickel and chromium-polluted envirormients like the 
electroplating industry has the potential to produce a variety of pathological 
effects. Among them are skin allergies, lung fibrosis, oral ulcers, diarrhoea, 
abdominal pain, indigestion, vomiting, leukocytosis, presence of immature 
neutrophils, cancer of the respiratory tract and iatrogenic nickel poisoning 
(Clarkson, 1988; U.S. EPA, 1998; Kasprzak et al.. 2003). 
The results of the present study show elevated frequencies of disorders and 
symptoms indicating general unwellness among the electroplaters. The prevalence 
of such symptoms was considerably higher in Group II than in Group III. This 
may be attributed to the sudden impact of toxicants from the electroplating 
industry on the workers subjected to sub-chronic exposure. They show various 
defense responses contributing to a surge in symptoms. 
The body mass index (BMI) is a statistical measurement which compares a 
person's weight and height. BMI was in the normal range for Group II but 
electroplaters of Group III showed mean BMI of 17.46±2.31 kg/m indicatmg 
malnourishment and underweight. 
The primary target organs for nickel-induced toxicity are the lungs and the upper 
respiratory tract for inhalation exposure. Other target organs include the 
cardioavascular system, the immune system and blood (Coogan et al., 1989; 
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Young, 1995; Nielsen et al., 1999). This may be the reason for recurrent infections 
and high prevalence of chest related problems in the electroplaters in this study. 
The general health of workers in the electroplating industry is deteriorated due to 
exposure to toxic substances, and can only be improved by employing means to 
minimize exposure to such substances. Enhancing the ventilation or putting lids on 
the baths could reduce both dermal and respiratory exposure. Although the 
electroplaters wore gloves when in direct contact with the electroplating tank, 
some gloves were not impermeable. It was possible that those gloves could 
increase the exposure when they got wet. The workers were more careless in 
touching wet surfaces and the solution itself while wearing gloves. Thus, the use 
of proper gloves is very important to lessen the exposure intensity among 
electroplaters. 
During electroplating, the exposure is partly due to generation of metal containing 
aerosol. In addition, high exposures may be due to splashes, touching of 
contaminated surfaces and immersion of hands in the plating solution. 
Measurements of potential exposure do not give enough information to assess 
dermal uptake, which would require biological monitoring of the workers. 
However, clinical examination and history of electroplaters, made it possible to 
evaluate the targets of exposure, and to give instructions on personal protective 
equipment and other exposure reduction techniques. 
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Introduction 
Atomic Absorption Spectrophotometry 
Atomic absorption spectroscopy was developed during the 1950s by Alan Walsh 
and his team at the Commonwealth Science and Industry Research Organisation 
(CSIRO), Division of Chemical Physics in Melbourne, Australia (L'vov, 2005). 
Atomic absorption spectroscopy is used for determining the concentration of a 
particular metal element in a sample (Welz and Sperling, 1999). The technique can 
be used to analyze the concentration of over 70 different metals in a solution. 
Principle 
The technique makes use of absorption spectrometry relying on Beer-Lambert law 
to assess the concentration of an analyte in a sample. In order to analyze a sample 
for its atomic constituents, it has to be atomized. The sample is illuminated by 
light and the transmitted light is finally measured by a detector. In order to reduce 
the effect of emission from the atomizer or the environment, a spectrometer is 
normally used between the atomizer and the detector (Fig. 4). The electrons of the 
atoms in the atomizer can be promoted to higher orbitals for a short amount of 
time by absorbing a set quantity of energy (i.e. light of a given wavelength). This 
amount of energy is specific to a particular electron transition in a particular 
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element, and in general, each wavelength corresponds to only one element. This 
gives the technique its elemental selectivity. As the quantity of energy put into the 
flame is known, and the quantity remaining at the detector can be measured, the 
number of transitions taking place and a signal that is proportional to the 
concentration of the element being measured can be calculated applying Beer-
Lambert law. 
The technique typically makes use of a flame to atomize the sample, but other 
atomizers such as a graphite furnace or inductively coupled plasmas, are also used. 
A liquid sample is normally turned into an atomic gas in three steps: 
1. Desolvation (Drying) - the liquid solvent is evaporated, and the dry sample 
remains. 
2. Vaporization (Ashing) - the solid sample vaporizes to a gas. 
3. Atomization - the compounds making up the sample are broken into free 
atoms. 
Radiation Sources 
Hollow cathode lamps are the most common radiation source in atomic absorption 
spectroscopy. They are used to produce the proper monochromatic light, which is 
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necessary for the AAS. The cathode of this sort of lamp is made of the metal to be 
analyzed. 
Inside the lamp, filled with argon or neon gas, is a cylindrical metal cathode 
containing the metal for excitation, and an anode. When a high voltage is applied 
across the anode and cathode, gas particles are ionized. As voltage is increased, 
gaseous ions acquire enough energy to eject metal atoms from the cathode. Some 
of these atoms are in an excited state and emit light with the frequency 
characteristic to the metal (Skoog et al., 2007). 
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Radiation Source 
Atomizer 
I 
Sample EM 
Fig. 4: Atomic absorption spectrophotometer block diagram. 
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NICKEL 
General properties 
lUPAC Name, Symbol, Atomic number 
Element category 
Group, period, block 
Standard atomic weight 
Electron configuration 
Physical properties 
Phase 
Density (near r.t.) 
Liquid density at m.p. 
Melting point 
Boiling point 
Heat of fusion 
Heat of vaporization 
Nickel, Ni, 28 
Transition metal 
10, 4, d 
58.6934 g m o l ' 
[Ar] 4s' 3d^ 
-3 
Solid 
8.908 gem" 
7.81 g-cm^^  
1453°C 
2732°C 
17.48 kJ-mof' 
377.5 kJ-mof' 
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Specific heat capacity (25 °C) 26.07 Jmof'-K ' 
Toxicity 
OSHA- Legal airborne permissible exposure limit (PEL) for an 8-hour workday, 
40-hour workweek 1 mg/m^ 
National Institute for Occupational Safety and Health (NIOSH) Recommended 
Exposure Limit (REL) averaged over a 10-hour workshift 0.015 mg/m' 
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold 
Limit Value (TLV) - Recommended airborne exposure limit averaged over an 8-
hour workshift 1 mg/m^ 
62 
Ph.D. Thesis 
Saba Qayyum Analysis of Nickel d Chromium Content 
CHROMIUM 
General properties 
lUPAC Name, Symbol, Atomic number 
Element category 
Group, period, block 
Standard atomic weight 
Electron configuration 
Physical properties 
Phase 
Density (near r.t.) 
Liquid density at m.p. 
Melting point 
Boiling point 
Heat of fusion 
Heat of vaporization 
Chromium, Cr. 24 
Transition metal 
6,4,d 
51.9961 g-mol 
[Ar] 3d^ 4s' 
-1 
Solid 
7.19g-cm~^ 
6.3 g-cm'"' 
1907°C 
267 r c 
21 kJmof' 
339.5 kJmol" 
63 
I M 
Analysis of Nickel (^  Chromium Content "^ j * i ^ -
Specific heat capacity (25 °C) 23.35 Jmol ' -K' ' 
Toxicity 
OSHA- Legal airborne permissible exposure limit (PEL) for an 8-hour workday, 
40-hour workweek for general industry 0.005 mg/m^ 
NIOSH - Recommended airborne exposure limit averaged over a 10-hour 
workshift 0.001 mg/m^ 
ACGIH - Recommended airborne exposure limit averaged over an 8-hour 
workshift: 
Metal and Cr (III) compounds 0.5 mg/m^ 
Water-Soluble Cr (VI) compounds 0.05 mg/m^ 
Insoluble Cr (VI) compounds 0.01 mg/m^ 
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Materials and Methods 
Important chemicals and solutions 
• Hydrochloric acid (cone.) 
• Nickel 
• Nitric acid 
• Perchloric acid 
• Potassium chromate 
• Sulphuric acid 
Sampling 
• Sampling was done in the morning hours, during work-shift. 
• 5 ml blood was drawn from each subject by venipuncture using sterilized 
disposable syringes and collected in acid washed tubes. 
• Whole blood was then centrifuged and plasma collected separately in a test 
tube. 
Nickel Estimation 
Acid Digestion 
• Acid digestion of the samples was carried out according to a protocol 
described by Andersen et al. (1978). 
• 2 ml of a mixture of nitric acid, perchloric acid and sulphuric acid (6:1:1 by 
volume) was added to the plasma. 
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• It was allowed to digest and evaporated at 250°C to near dryness. 
• After cooling to room temperature, the residue was dissolved in 6ml 
distilled water and 5 drops of concentrated hydrochloric acid. 
• The mixture was heated for 5 minutes and again cooled to room 
temperature. 
• Readings were taken on an atomic absorption spectrophotometer (ECIL, 
India). 
Calibration 
• Calibration curves were prepared by making different dilutions of nickel 
standard solution. 
• Stock solution was prepared by as 1000 ng/ml or 1000 parts per million 
(ppm). For this, Ig Ni was dissolved in 100 ml nitric acid and diluted to 
1 litre. 
• Working solutions were made by diluting the stock solution to give final 
concentrations of 0.01, 0.02, 0.04, 0.08, 0.1, 1, 10, 100 ppm. 
Operating Parameters 
Wavelength 232.0 nm 
Slit setting 0.2 nm 
Flame type Air-acetylene flame, oxidizing (lean, blue) 
• Concentrations were quantified as micrograms per litre (|ig/l). 
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Chromium Estimation 
Acid Digestion 
• Same as Nickel. 
Calibration 
• Calibration curves were prepared by making different dilutions of 
potassium chromate standard solution. 
• Stock solution was prepared by as 1000 ng/ml or 1000 ppm (parts per 
million). For this, 3.735g was dissolved inl litre of distilled water. 
• Working solutions were made by diluting the stock solution to give final 
concentrations of 0.01, 0.02, 0.04, 0.08, 0.1, 1, 10, 100 ppm. 
Operating Parameters 
Wavelength 357.9 nm 
Slit setting 0.2 nm 
Flame type Air-acetylene flame, reducing (rich, yellow) 
Statistical Analyses 
Mean and standard deviations were calculated for each concentration. ANOVA 
was performed for assessing statistical significance of the results. Results were 
considered significant at P<Q.05. All calculations were performed by the software 
SPSS 10.0 for Windows. 
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Results 
The results of atomic absorption spectrophotometric analysis for nickel and 
chromium are represented in Table-3 and Fig, 5. 
The concentration of plasma nickel was found to be significantly higher with the 
value 77.2±20.92 |ig/l in Group III i.e. electroplaters with a work history of >10 
years than that of controls (Group 1), which showed mean value of 15.4±4.75|ig/l 
(f*<0.05). The nickel concentration in Group II subjects i.e. electroplaters with a 
exposure of <10 years was 38.2±4.83 fig/l (F<0.05), which was also significantly 
greater than that of Group 1. 
Plasma chromium levels also followed the same trend. Group III individuals 
recorded mean chromium concentration as 2.9±0.81^ig/l which was significantly 
greater than chromium concentrations in Group II showing mean value of 
1.7±0.55ng/l and also Group I where the mean chromium level was 0.55±0.08 
i^g/l (/'<0.05). 
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TabIe-3: Concentrations of plasma nickel and chromium in different groups 
of electroplaters. 
Concentration of Element (}ig/\) 
Group I Group II Group III 
Plasma Nickel 15.40±4.75 38.20i4.83* 77.20±20.92* 
Plasma Chromium 0.55±0.08 1.70±0.55* 2.90±0.81* 
Significant at P<0.05. 
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Fig. 5: Nickel and chromium concentrations in different groups of electroplaters. 
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Discussion 
Electroplating process is a source of metal pollution induced by human activity. 
Electroplating of different components of locks involves the use of soluble salts of 
nickel as well as chromium compounds. Nickel (Ni) is used as soluble salts such 
as nickel sulphate and nickel chloride in electroplating different articles. 
Hexavalent chromium (Cr VI) is an important component of electroplating as 
chromium plating liquid contains mostly Cr (VI). At the high temperature of the 
electroplating bath, nickel and chromium compounds are decomposed into metal 
ions. In the biological system, heavy metals like nickel and chromium form 
complexes with adenosine triphosphate, amino acids, peptides, proteins and 
deoxyribonucleic acid (WHO, 2000). 
The workers engaged in this process are exposed to nickel and chromium through 
inhalation, ingestion and dermal contact. Inhalation is the primary route of 
occupational exposure to metals. During electroplating, the exposure is partly due 
to generation of metal containing aerosol, which may be assumed to distribute 
evenly at least to the upper body. In addition, high exposures may be due to 
splashes, touching of contaminated surfaces and immersion of hands in the plating 
solution. 
Nickel compounds show different ranges of solubility depending on which, the 
toxicity of nickel compounds also ranges. Particulate nickel compounds are less 
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soluble than Nickel (II) salts and thus show a greater carcinogenic effect by 
generating higher concentration of nickel ions (Costa et al., 1981). Similarly, Cr 
(VI) is considered more toxic in comparison to Cr (III) as the latter is unable to 
cross the cell membrane. Cr (VI) on the other hand, crosses the cell membrane 
readily and is reduced to trivalent chromium within the cell. A study has reported 
the mechanism of reduction of ingested Cr (VI) to Cr (III) or other valence states 
resulting in lack of genotoxicity, carcinogenesis and induction of other long term 
health effects associated with Cr (VI) (DeFlora, 2000). 
Several investigators have reported that determination of nickel concentrations in 
himian serum, plasma, whole blood, or urine is useful in monitoring occupational 
or environmental exposure to nickel (McNeely et al., 1972; Zachariasen et al., 
1975; Hogetveit and Barton, 1976; Bemacki et al., 1978). 
The Ni and Cr levels quantified in plasma samples of electroplaters in the present 
study was foimd to be significantly higher than in the control population as 
analysed by ANOVA. This is consistent with results of other studies on workers 
exposed to nickel or chromium. Welders are reported to show significantly higher 
Cr and Ni concentrations when compared with controls (Danadevi et al., 2004). 
Nickel and chromium levels in stainless steel welders have also been evaluated 
(Stridsklev et al., 1993, 2004, 2007). The average blood and plasma Ni 
concentration was elevated among electrolysis workers (Hogetveit et al., 1978: 
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Kiilunen et al., 1997). Also, 6- to T-fold higher amounts of Cr in whole blood of 
exposed subjects were reported in comparison with controls (Huang et al., 1999). 
In a study of nickel-chromium electroplaters, White and Boran (1994) noted that 
urinary nickel is a valid and sensitive method of monitoring occupational exposure 
to soluble nickel salts. Other workers have also determined nickel/chromium 
concentrations in urine (Tandon et al., 1977; Bemacki et al., 1980; Bavazzano et 
al., 1994; Kiilunen et al., 1997). But since all the chromium excreted in the urine 
occurs in the trivalent form, urinary chromium levels do not prove as significant 
biomarker for chromium exposure. It has been largely observed that the biological 
monitoring for urinary nickel and chromium have not shown any abnonnal results 
and there is very rarely an association between urinary excretion of chromium and 
clinical abnormalities. 
Hence, in this study nickel and chromium levels were observed in plasma and not 
urine. 
The results of the present study make it easy to conclude that the electroplating 
industry is responsible for higher than normal ranges of nickel and chromium in its 
workers. Since nickel and chromium compounds used in electroplating, have 
already been classified as human carcinogens by the International Agency for 
Research in Cancer (lARC, 1990), the potential risk of electroplaters 
occupationally exposed to such compounds can be estimated. 
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Introduction 
Genetic damage is one of the most fundamental causes of structural and functional 
changes in DNA. There are a great number of physical, chemical and biological 
agents which, either directly or indirectly, damage the integrity of this 
macromolecule. 
Genetic damage may be produced by environmental exposure to genotoxins. 
radiations, chemicals, micronutrient deficiency (e.g. folate), lifestyle factors (e.g. 
alcohol, smoking, drugs, and stress), and genetic factors such as inherited defects 
in DNA metabolism and/or repair (Stich et al., 1983, 1984; Sarto et al., 1987. 
1990; Tolbert et al., 1991, 1992; Moore et al., 1993; Rosin et al., 1994; Surralles 
et al., 1997; Majer et al., 2001; Martinez et al, 2005; Chen et al., 2006). 
It is essential to have reliable and relevant minimally invasive biomarkers to 
improve the implementation of biomonitoring, diagnostics, and treatment of 
diseases caused by, or associated with, genetic damage. The micronucieus test 
(MNT) is potentially an excellent candidate to serve as such a biomarker. It has 
proved to be one of the most sensitive methods for toxicological screening of 
potential genotoxic compounds and evaluation of the genotoxins in the 
environment. Micronucieus, as a safe indicator of the elimination of the genetic 
material, contains acentric fragments of chromosomes or whole chromosomes 
which have not been found in the main nucleus during the anaphase, which is why 
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MN are considered a reliable biomarker of exposure to both clastogeiiic and 
aneugenic hazards (Fenech, 1998). 
Micronuclei were first used to quantify chromosomal damage by HJ. Evans et al.. 
in root tips of the Broad Bean, Vicia faba (Evans et al., 1959). MNT was further 
used in human lymphocytes (Countryman and Heddle, 1976) and mouse 
peripheral blood (MacGregor et al., 1980). The assay is now recognized as one of 
the most successful and reliable assays for genotoxic carcinogens as it can be 
easily assessed in erythrocytes, lymphocytes, and exfoliated epithelial cells (e.g. 
oral, urothelial, nasal) induced in vivo without additional in vitro cultivation 
procedures (Ford et al., 1988). 
MNT is applied in many laboratories as a substitute for a more complex and far 
longer analysis of metaphase chromosomes. MNT is a simpler, faster, more 
sensitive, and statistically a more reliable technique in relation to the test of 
chromosome aberrations since the former comprises a significantly greater number 
of analyzed cells (Norrppa and Falck, 2003). Also, the direct correlation between 
the micronuclei formation and genomic damage make the micronuclei assay an 
efficient alteration to the metaphase analysis (Fenech et al., 1990). 
The buccal cell MN assay was first proposed by Stich et al. (1983). MNT in 
exfoliated buccal cells continues to gain popularity as a biomarker of genetic 
damage as the collection of buccal cells is arguably the least invasive method 
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available for measuring DNA damage in humans in comparison to obtaining blood 
samples for lymphocyte and erythrocyte assays, or tissue biopsies. 
Buccal cells are the first barrier for the inhalation or ingestion route and are 
capable of metabolizing proximate carcinogens to reactive products (Autrup et al., 
1985, Liu et al., 1993, Vondracek et al., 2001, Spivack et al., 2004). 
Approximately 90% of human cancers originate from epithelial cells (Rosin, 
1992). Therefore, it could be argued that oral epithelial cells represent a preferred 
target site for early genotoxic events induced by carcinogenic agents entering the 
body via inhalation and ingestion. 
The oral epithelium is composed of four strata of structural, progenitor, and 
maturing cell populations, includng the lamina propria (connective tissue), the 
basal cell layer (stratum basale), prickle cell layer (stratum spinosum), and the 
keratinized layer at the surface (Fig. 6). The oral epithelium maintains itself by 
continuous cell renewal whereas new cells produced in the basal layer by mitosis 
migrate to the surface replacing those that are shed. The basal layer contains the 
stem cells that may express genetic damage (chromosome breakage or loss). The 
daughter cells eventually differentiate into the prickle cell layer and the 
keratinized superficial layer, and then exfoliate into the buccal cavity. Micronuclei 
observed in the exfoliated cells are regarded as markers of abnormal mitoses 
involving chromosomal breakage and missegregated chromatin (Tolbert et al.. 
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1992). Events other than MN, called nuclear anomalies (NA) can be registered in 
exfoliated cells, viz. karyorrhexis (nucleus broken to pieces), karyolysis (lysed 
nucleus which appears as a ghost), binucleated cells (cells with 2 nuclei), pyknosis 
(very small, shrunken nucleus), budded cells (cells with budded nucleus), broken 
egg (MN attached to main nucleus with the stalk) and condensed chromatin 
(Tolbert et al, 1991). While binucleate cells and broken egg indicate DNA 
damage; karyorrhexis, pyknosis and karyolysis are nuclear alterations specifying 
apoptosis in buccal cells (Fig. 7). 
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Fig. 6: Structure and differentiation of oral epithelium. Schematic diagram 
of buccal mucosa cell layers and turnover (Holland et al., 2008). 
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Fig. 7: Buccal MN assay cytome model Schematic diagram of different types of 
buccal cells and the possible mechanisms for their origin (Holland et al., 
2008). 
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Oral cancer is one of the 10 most common cancers as stated by WHO and 
5,75,000 new cases and 3,20,000 deaths occur worldwide annually. In India, oral 
cancer is a major health problem accounting for 50-70% of all cancers diagnosed 
(Jayant et al., 1997). Individuals in harmful occupational settings may show 
pathological changes that may lead to the development of cancer and this gives 
way to the rapidly growing area of application of the MN assay to epithelial cells 
(Holland et al., 2008). Investigations on MN frequency correlate MN occurrence 
with early stages of the carcinogenic process in humans, especially in oral regions 
(Stich et al., 1982, 1988; Stich and Rosin, 1984; Dave et al., 1992; Benner et al., 
1994; Ghosh and Parida, 1995; Desai et al., 1996; Roberts, 1997). There have been 
several studies aimed at evaluating the impact of carcinogenic agents in specific 
populations such as professional groups, smokers, alcoholics through MNT 
(Ramirez and Saldanha, 2002; Ghlouib et al., 2005; Kehdy et al., 2007). Many 
studies report a statistically significant elevation of MN levels in exposed 
individuals compared to control groups, although the observed effects are 
relatively small, ranging between 1.1- and 4-fold (Machado-Santelli et al., 1994; 
Karahalil et al., 1999; Burgaz et al., 2002; Celik et al., 2003) while some other 
studies report changes that were not statistically significant (Pastor et al., 2001, 
2002; Martinez et al., 2005). Significantly higher frequencies of MN have also 
been observed in exfoliated buccal cells from individuals exposed to organic 
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solvents, antineoplastic agents, diesel derivatives, polycyclic aromatic 
hydrocarbons, lead-containing paints and solvents, and drinking water 
contaminated with arsenic (Diaz et al., 1990; Machado-Santelli et al., 1994; 
Gonsebatt et al., 1997; Karahalil et al., 1999; Tian et al., 2001; Benova et al.. 
2002; Martino-Roth et al., 2003; Torres-Bugarin et a!., 2004; Sailaja et al., 2006). 
Negative results were also obtained in subjects exposed to ethylene oxide, 
benzene, and other chemicals (Sarto et al., 1990; Surralles et al., 1997; Gattas et 
al., 2001; Heuser et al., 2005). 
Electroplaters employed in lock factories constitute a population exposed to 
genotoxic substances including nickel and chromium. Nickel and water soluble 
and insoluble hexavalent chromium (Cr VI) compounds have been classified as 
human carcinogens by the International Agency for Research in Cancer (lARC, 
1990). Exposure to nickel in professional settings has been found to elevate sister 
chromatid exchanges (Peltonen, 1979) and chromosomal aberrations (Nishimura 
and Umeda, 1979). Chromosome gaps and chromosome aberrations have been 
reported in lymphocytes from nickel refinery workers (Waksvik and Boysen, 
1982). Occupational exposure studies have also examined the genotoxicity of 
hexavalent chromium (Husgafvel-Pursiainen et al., 1982; Sarto et al. 1982; Stella 
et al., 1982; Koshi et al., 1984; Elias et al., 1989; Nagaya et al., 1991; Werfel et 
al., 1998; Vaglenov et al., 1999; Wu et al., 2000; Benova et al., 2002). Some 
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Studies have reported cytogenetic parameters such as frequency of micronucleated 
cells, chromosomal aberrations and sister-chromatid exchange in relation to levels 
of both nickel and chromium in blood, peripheral lymphocytes or urine (Deng et 
al., 1988; Gennart et al., 1993; Benova et al., 2002; Norppa, 2004; Lev^ i^nska et al, 
2007). 
Materials and Methods 
The same categorization of subjects was used as mentioned in Chapter 1. 
For each subject, buccal smears were prepared according to the method of 
Rajeswari et al. (2000) with slight modifications. 
Important chemicals and solutions: 
• Acetic acid 
• Giemsa 
• Methanol 
Slide Preparation 
• Epithelial cells were obtained by scraping the cheeks of the individuals by a 
wooden applicator. 
• Exfoliated cells were then smeared on clean slides and fixed in acetic acid: 
methanol (1:3) for 15 minutes. 
• Staining was done by 1 % giemsa stain for 20 minutes. 
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• Slides were observed under a microscope with 200x, 400x and lOOOx 
magnifications. 
• Cells were scored according to the criteria provided by Fenech et al. (2003) 
for micronucleus; (a) MN diameter must be smaller than 1/3 of the main 
nucleus, (b) MN must be dyed in the same colour as the main nuclei, (c) 
MN must be separated, or overlap with the main nucleus only on the 
boundaries. 
• Other nuclear anomalies like karyorrhexis (nuclear disintegration), 
pyknosis (shrunken nuclei), and karyolysis (dissolution of nucleus) were 
evaluated in the buccal cells following the criteria of Tolbert et al. (1991). 
Enucleated cells were also taken into account. 
• Photographs of the best slides were taken by a light microscope (Olympus 
BX50) fitted with a digital camera (Jenoptix, Germany). 
Statistical Analyses 
Mean and standard deviation were calculated for each biomarker. ANOVA was 
performed for assessing statistical significance of the results and all results were 
considered significant at f <0.05 or PO.OQX. Bivariate correlation was applied by 
calculating the Pearson coefficient for determining correlation between plasma 
nickel and chromium concentrations versus frequency of MN and NA (%o). 
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Results were considered significant at P<0.05 or P<0.01. All calculations were 
performed by the software SPSS 10.0 for Windows. 
Results 
The results of micronucleus (MN) test have been summarized in Table-4 and 
Figure-8. Photomicrographs of cells presenting micronucleus and nuclear 
alterations are presented in Figs. 10-12. MN frequency in buccal cells of 
individuals m Group III i.e. electroplaters with an exposure history of >10 years 
was significantly higher, 1.08±0.54%o than individuals with <10 years of exposure 
(Group II) having MN frequency 0.69±0.21%o and both higher than the 
corresponding value, 0.24±0.06%o in control group (/'<0.05) (Table-8). A similar 
trend was observed in cells with karyorrhexis, karyolysis and binucleate cells 
(Table-4, Fig. 9). Karyorrhexis frequency showed a 3-fold and 5-fold increase in 
Group II and Group III with mean values 12.5±2.87%o and 20.75±6.29%o 
respectively from the control value of 4.25±1.26%o {P<0.05). Individuals in Group 
III showed highest karyolysis frequency, 3.50±1.91%o as compared to that of 
0.75±0.50%o in Group I and 2.00±0.82%o in Group II (P<0.001). Binucleate cell 
frequencies showed a significant increase from 1.25±0.50%o in Group I, 
2.25±0.96%o in Group II and 4.75±2.7596o in Group III (P<0.05). Enucleated cells 
recorded a value of 3.50±1.29%o in Group II and 5.75±1.70%o in Group III as 
against control value of 2.25±1.26%o (P<0.05). Although pkynotic cells showed 
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elevated frequencies in electroplaters with the values ranging from 1.75±0.96%o in 
control group to 2.25±0.96%o in electroplaters, the increase was not significant. 
As shown in Table-5, a significant positive correlation was observed between 
plasma nickel levels and frequencies of MN (r=0.79, P<0.01), karyorrhexis 
(r=0.85, /'<0.01), karyolysis (r=0.64, /'<0.01), binucleate cells (r=0.68, P<0.01) 
and enucleated cells (r=0.69, P<Q.O\). Similarly, plasma chromium levels were 
also positively correlated to MN (r=0.82, P<QM), karyorrhexis (r=0.79, /'<0.05), 
karyolysis (r=0.62, P<0.05), binucleate cells (r=0.62, P<0.01) and enucleated cells 
(r=0.68, /'<0.01). No significant correlation was found between nickel and 
chromium levels with pyknosis (r=0.34, 0.41). 
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TabIe-4: Micronucleus frequency and other nuclear anomalies in electroplaters. 
Genotoxic End-points 
MN(%o) 
Karyorrhexis (%o) 
Pyknosis (%o) 
Karyolysis (%o) 
Binucleate Cells (%o) 
Enucleated Cells (%o) 
Group I 
(n=50) 
0.24±0.06 
4.25±1.26 
1.75±0.96 
0.75±0.50 
1.25±0.50 
2.25±1.26 
Group 11 
(n=50) 
0.69±0.21* 
12.5±2.87* 
1.75±0.50 
2.00±0.82** 
2.25±0.96* 
3.50i:1.29* 
Group III 
(n=50) 
1.08±0.54* 
20.75±6.29* 
2.25±0.96 
3.50±1.91** 
4.75±2.75* 
5.75±1.70* 
Significant at P<0.05, ** Significant at P<0.001 
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Table-5: Correlation coefficients for nickel and chromium with genotoxic end-
points. 
Variable Coefficient of Correlation (r) 
Ni Cr 
MN 0.79* 0.82* 
Karyorrhexis 0.85* 0.79** 
Pyknosis 0.34 0.41 
Karyolysis 0.64* 0.62** 
Binucleate Cells 0.68* 0.62* 
Enucleated Cells 0.69* 0.68* 
*Significant at P<0.01, **Significant at P<0.05. 
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Fig. 8: Micronuclei induction in study subjects. 
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Fig. 9: Other nuclear anomalies observed in buccal cells of electroplaters. 
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Fig. 10: Photomicrograph of buccal smear cells showing (A) & (B) normal cells 
and (C) & (D) micronucleated cell in electroplaters. 
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Fig. 11: Photomicrograph of buccal smear cells showing (A) karyorrhexis (B) 
pyknosis and (C) karyolysis in electroplaters. 
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Fig. 12: Photomicrograph of buccal smear cells showing (A) binucleated cell (B) 
enucleated cell (C) cell with elongated nucleus & expelled nuclei (D) cell 
with broken egg and (E) fragmented cell in electroplaters. 
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Discussion 
As micronuclei (MN) induction is considered a reliable biomarker of genotoxic 
exposure to both physical and chemical agents (Fenech, 1993), MNT is being 
readily accepted as a reliable biomarker of genotoxicity in occupationally exposed 
groups (Karahalil et al., 1999). 
Numerous studies have reported the correlation between MN frequency and oral 
lesions. A broad range of baseline MN frequencies has been reported (0.05-11.5 
MN/1000 cells) with the majority of values between 0.5 and 2.5 MN/1000 cells. 
The MN frequencies in patients with oral lesions such as oral submucosal fibrosis, 
oral leukoplakia and oral lichen planus were increased relative to healthy subjects, 
but no significant differences in MN rates were observed among the various 
patient groups (Desai et al., 1996). A gradual increase in micronuclei frequency 
from normal to precancerous to cancerous lesions was earlier reported (Haider et 
al., 2004). Another study of untreated cancer patients observed increased genomic 
instability in somatic cells in comparison to healthy control subjects (Yildirim et 
al., 2006). It was suggested that the MN in buccal mucosa may predict cancer risk 
for the upper aerodigestive tract, including premalignant stages such as oral 
leukoplakia (Bloching et al., 2000). A significantly higher frequency of buccal 
cells with MN was found in breast and uterus cancer patients and their first-degree 
relatives (Rajeswari et al., 2000; Nersesyan et al., 2002). 
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Reports on cytogenetic studies in populations exposed to nickel and chromium is 
vast. A study on dental laboratory technicians exposed to metallic alloys 
containing nickel and chromium revealed a significant correlation between 
duration of exposure and MN frequency in lymphocytes (Burgaz et al., 2002). 
Nersesyan et al. (2002) reported a significant increase in the levels of MN in 
primary cancer patients. The reports on MN in buccal cells are quite deviating. 
Benova et al. (2002) reported a two-fold increase in frequency of buccal MN in 
chromium platers when compared with control while electroplaters showed no 
significant increase in MN in buccal cells in some other studies (Sarto et al., 1990; 
Kiilunen et al., 1997). 
Along with MN, a few other nuclear anomalies (NA) can be studied in buccal 
cells. Some of the basal cells may degenerate into karyorrhectic cells, cells with 
pycnotic nuclei, or karyolytic cells (Tolbert et al., 1992). In rare cases, some cells 
may be blocked in a binucleated stage, a biomarker of gene amplification (Tolbert 
et al., 1992). Increased frequency of these nuclear abnormalities in buccal 
epithelial cells indicates adverse cellular reaction and a surveillance mechanism to 
eliminate cells with genetic damage. These biomarkers of genome damage and cell 
death provide a more comprehensive assessment of genome damage than only MN 
in the context of cytotoxicity and cytostatic effects (Tolbert et al., 1992; Fenech 
and Crott, 2002). 
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The present investigation determines a relation between the duration of exposure 
to nickel and chromium in occupational settings and the extent of genetic damage, 
in terms of micronucleus frequency and other nuclear abnormalities. Smokers, 
alcoholics and tobacco chewers had been excluded from this study to avoid 
masked results and to assess MN induction only with respect to nickel and 
chromium exposure. Results of higher MN and NA frequencies in Group III i.e. 
the group with the highest exposure are supported by the positive correlation seen 
between plasma nickel/chromium levels and MN and NA values. Thus, it can be 
concluded that the increased frequencies of MN and NA are majorly due to higher 
levels of nickel and chromium. 
Earlier studies have reported an increase in MN in buccal cells as the exposure 
time increases (Benova et al., 2002; Danadevi et al., 2004). This is consistent with 
the results in the present study. A significant increase was found in the group of 
electroplaters with work history of greater or equal to 10 years as compared to 
both control group and group of electroplaters with exposure history of less than 
10 years. This trend may lead to the conclusion that electroplaters show chronic 
toxic effects when exposed to nickel and chromium for a longer duration but show 
only sub-chronic toxicity in lesser exposure durations. In this study, the subjects 
have been categorized into groups on the basis of exposure duration for 
comparisons of sub-chronic and chronic toxicity in electroplaters. Besides MN, 
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Other nuclear abnormalities have also been taken into account for detailed results 
on genetic damage. The results achieved may prove very beneficial in the safety 
guidelines undertaken for workers, such as, if the rotation of workers is done in 
such a manner that they are not exposed for a long tenure, risk of genetic damage 
can be minimized. 
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Introduction 
Blood is a connective tissue consisting of cells suspended in an intercellular fluid 
called plasma. Blood functions to transport oxygen, carbon dioxide, nutrients, 
wastes, hormones in the body's cells. 
Blood smear is primarily used to evaluate samples with some type of abnormality. 
The blood smear estimates the number of each type of cell present, and helps to 
compare their size, shape, and general appearance to normal cells. The 
examination can also be used to evaluate the size, shape, and haemoglobin content 
of the RBCs, and to determine whether there are an adequate number of typical 
looking platelets present. It can be used to distinguish between different types of 
white blood cells and to determine the relative percentages of each type in the 
blood. The whole blood profile is known as haemogram. 
Blood cells consist of the following types of cells: 
• Erythrocytes (red blood cells), 
• Leukocytes (white blood cells) and 
• Thrombocytes (platelets). 
Erythrocytes (red blood cells) 
Red blood cells (RBC) are the most common type of blood cell and the vertebrate 
body's principal means of delivering oxygen to the body tissues. They take up 
oxygen in the lungs or gills and release it while squeezing through the body's 
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capillaries. The cells are filled with haemoglobin, a biomolecule that can bind to 
oxygen. The blood's red colour is due to the presence of oxygen-rich haemoglobin. 
A typical human erythrocyte disk has a diameter of 6-8 ^m and a thickness of 2 
^m, much smaller than most other human cells (Hillman et al., 2005). Adult 
humans have roughly 2-3 x lo'^ red blood cells at any given time. RBCs are thus 
much more common than the other blood particles. 
When erythrocytes undergo shear stress in constricted vessels, they release ATP 
which causes the vessel walls to relax and dilate (Wan et al., 2008). When their 
haemoglobin molecules are deoxygenated, erythrocytes release S-nitrosothiols 
which also acts to dilate vessels (Diesen et al., 2008), thus directing more blood to 
areas of the body depleted of oxygen. Erythrocytes also play a part in the body's 
immune response. When lysed by pathogens such as bacteria, their haemoglobin 
releases free radicals that break down the pathogen's cell wall and membrane, 
killing it (Jiang et al., 2007). 
The process by which RBCs are produced is called erythropoiesis. Erythrocytes 
are continuously produced in the red bone marrow of large bones, at a rate of 
about 2 million per second. In the embryo, the liver is the main site of RBC 
production. Just before and after leaving the bone marrow, the developing cells are 
known as reticulocytes; these comprise about 1% of circulating RBCs. 
Erythrocytes develop from committed stem cells through reticulocytes to mature 
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erythrocytes in about 7 days and live a total of about 100-120 days. They take the 
form of flexible biconcave disks that lack a cell nucleus and organelles and they 
cannot synthesize protein. 
The aging erythrocyte undergoes changes in its plasma membrane, making it 
susceptible to recognition by phagocytes and subsequent phagocytosis in the 
spleen, liver and bone marrow. Much of the important breakdown products are 
recirculated in the body. Haemoglobin in the RBC is responsible for the transport 
of more than 98% of the oxygen; the remaining oxygen is carried dissolved in the 
blood plasma. The heme constituents of haemoglobin are broken down into Fe^* 
and biliverdin. The biliverdin is reduced to bilirubin, which is released into the 
plasma and recirculated to the liver bound to albumin. The iron is released into the 
plasma to be recirculated by a carrier protein called transferrin. Almost all 
erythrocytes are removed in this manner from the circulation before they are old 
enough to hemolyze. Hemolyzed haemoglobin is bound to a protein in plasma 
called haptoglobin which is not excreted by the kidney. 
Leukocytes (White blood cells) 
Leukocytes are cells of the immune system defending the body against both 
infectious disease and foreign materials. Five different and diverse types of 
leukocytes exist, but they are all produced and derived from a multipotent cell type 
98 
Ph.D. Thesis ^ S g l 
Saba Qayyum > ^ ^ j ^ Haematological Profile of Etectroplaters 
in the bone marrow known as a hematopoietic stem cells. Leukocytes are found 
throughout the body, including the blood and lymphatic system. 
White blood cells are often characterized as granulocytes or agranulocytes: 
Granulocytes (polymorphonuclear leukocytes): leukocytes characterized by the 
presence of differently staining granules in their cytoplasm when viewed under 
light microscope. These granules are membrane-bound enzymes which primarily 
act in the digestion of endocytosed particles. There are three types of granulocytes, 
which are named according to their staining properties.: 
> neutrophils, 
> basophils, and 
> eosinophils 
Neutrophils 
Neutrophils defend against bacterial, fungal infection and other inflammatory 
processes that are usually first responders to microbial infection. Neutrophils are 
very active in phagocytosing bacteria. These cells are not able to renew their 
lysosomes used in digesting microbes and die after having phagocytosed a few 
pathogens. Their activity and death in large numbers form pus. They are 
commonly referred to as polymorphonuclear (PMN) leukocytes because of their 
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multilobed nucleus which may appear Uke muhiple nuclei. The cytoplasm may 
look transparent because of fine granules that are faintly pink. 
Basophils 
Basophils are chiefly responsible for allergic and antigen response by releasing the 
chemical histamine causing inflammation. The nucleus is bi- or tri-lobed. They are 
characterized by their large blue granules. 
Eosinophils 
Eosinophils primarily deal with parasitic infections and an elevated count may 
indicate such. Eosinophils are also the predominant inflammatory cells in allergic 
reactions. The most important causes of eosinophilia include allergies such as 
asthma, hay fever, and parasitic infections. Generally their nucleus is bi-lobed and 
the cytoplasm is full of granules. 
Agranulocytes (mononuclear leucocytes): leukocytes characterized by the 
apparent absence of granules in their cytoplasm. Although the name implies a lack 
of granules these cells contain non-specific azurophilic granules, which are 
lysosomes (Gartner and Hiatt, 2007). The cells include: 
> lymphocytes, 
> monocytes, and 
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> macrophages 
Lymphocytes 
Lymphocytes are much more common in the lymphatic system. Lymphocytes are 
distinguished by having a deeply staining nucleus which may be eccentric in 
location, and a relatively small amount of cytoplasm. The blood has three types of 
lymphocytes: 
• B cells: B cells make antibodies that bind to pathogens to enable their 
destruction. After an attack, some B cells retain the ability to produce an 
antibody to serve as a memory system. 
• T cells: 
CD * (helper) T cells co-ordinate the immune response and are important in 
the defense against intracellular bacteria. In acute HIV infection, these T 
cells are the main index to identify the individual's immune system activity. 
Research has shown that CD*^ cells are also another index to identify 
human's immune activity (Pantaleo et al., 1994). 
CD**^  cytotoxic T cells are able to kill virus-infected and tumor cells. 
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y5 T cells possess an alternative T cell receptor as opposed to CD and 
CD*^  aP T cells and share characteristics of helper T cells, cytotoxic T cells 
and natural killer cells. 
• Natural killer cells: Natural killer cells are able to kill cells of the body 
which are displaying a signal to kill them, as they have been infected by a 
virus or have become cancerous. 
Monocytes 
Monocytes share the phagocytosis function of neutrophils, but are much longer 
lived as they have an additional role of presenting pieces of pathogens to T cells so 
that the pathogens may be recognized again and killed, or so that an antibody 
response may be mounted. Monocytes eventually leave the bloodstream to become 
tissue macrophages which remove dead cell debris as well as attacking 
microorganisms. Neither of these can be dealt with effectively by the neutrophils. 
Unlike neutrophils, monocytes are able to replace their lysosomal contents. They 
have kidney shaped nucleus and are typically agranulated. They also possess 
abundant cytoplasm. 
Macrophages 
Monocytes differentiate into macrophages after they move out of the bloodstream 
into the body tissues, allowing phagocytosis. 
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Thrombocytes (Platelets) 
Although RBCs had been known since van Leeuwenhock, it was the German 
anatomist Max Schuhze who first offered a description of the platelet in his 
journal Archiv Jiir mikroscopische Anatomie (Schultze, 1865). He describes 
"spherules" to be much smaller than RBCs that are occasionally clumped and may 
participate in collections of fibrous material. 
Platelets are small, irregularly-shaped anuclear cells, 2-3 nm in diameter, which 
are derived from fragmentation of precursor megakaryocytes. 
Platelets are produced in blood cell formation (thrombopoiesis) in bone marrow, 
by budding off from megakaryocytes. This process is regulated by thrombopoietin. 
a hormone usually produced by the liver and kidneys. Each megakaryocyte 
produces between 5,000 and 10,000 platelets. Old platelets are destroyed by 
phagocytosis in the spleen and by Kupffer cells in the liver. Reserves of platelets 
are stored in the spleen and are released when needed by sympathetically-induced 
splenic contraction. In addition to being the chief cellular effector of haemostasis, 
platelets are rapidly deployed to sites of injury or infection, and potentially 
modulate inflammatory processes by interacting with leukocytes and by secreting 
cytokines, chemokines, and other inflammatory mediators (Diacovo et al., 1996; 
Wagner and Burger, 2003; lannacone et al., 2005). 
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A normal platelet count in a healthy individual is between 150,000 and 450,000 
per fil of blood. If the number of platelets is too low, excessive bleeding can occur. 
However, if the number of platelets is too high, blood clots can form (thrombosis), 
which may obstruct blood vessels and result in such events as a stroke, heart 
attack, pulmonary embolism or the blockage of blood vessels to other parts of the 
body, such as the extremities of the arms or legs. An abnormality or disease of the 
platelets is called a thrombocytopathy, which could be either a low number of 
platelets (thrombocytopenia), a decrease in function (thrombasthenia), or an 
increase in their number (thrombocytosis). There are disorders that reduce the 
number of platelets, such as heparin-induced thrombocytopenia (HIT) or 
thrombotic thrombocytopenic purpura (TTP) that typically causes thromboses, or 
clots, instead of bleeding. 
The variations in blood cells occurring due to some physiological abnormality in 
the body are presented in Table-6. 
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Table-6: Variations in blood cells. 
Type Term Description 
Size Anisocytosis Variation in the size of erythrocytes beyond the 
normal limits. 
Macrocytes 
Microcytes 
Erythrocytes larger than 9 |LI in diameter. These 
cells may be found in liver disease. 
Erythrocytes are smaller than 6 n in diameter. 
These cells are found in thalassemia and other 
anemias. 
Number Leukopenia 
Shape 
Reduction in the number of white blood cells, 
which may affect the overall white cell count 
or one of the specific populations of white 
blood cells. 
eg. Neutropenia Low number of neutrophils. 
and Lymphopenia Low lymphocyte levels. 
Poikilocytosis This term describes a marked variation in the 
shape of erythrocytes. 
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Sickle cell 
Spherocytes 
Poikilocytes can be pear-shaped, comma-
shaped, oval- shaped, or various other 
forms. These cells are encountered in 
pernicious anemia and many other types of 
anemia. 
Sickle cells are abnormal erythrocytes that 
assume crescent or sickle-shaped appearance 
under conditions of reduced oxygen tension. 
The presence of sickle cells is an inherited 
abnormality due to the presence of haemoglobin 
S. 
Abnormal erythrocytes that are spherical in 
shape, having a diameter smaller than normal 
and a darker stain (without central pallor) than 
normal erythrocytes. These cells are found in 
instances of hemolytic anemias and are 
particularly characteristic of congenital 
hemolytic jaundice, a hereditary disorder. 
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Ovalocytes These cells are abnormal erythrocytes that have 
an oval or sausage shape. They can be found in 
hereditary elliptocytosis. 
Burr cells 
Target cells Erythrocytes that have deeply stained (pink) 
centres and borders, separated by a pale ring, 
giving them a target-like appearance. They are 
associated with liver disease and certain 
haemoglobinopathies. 
Triangular or crescent-shaped erythrocytes with 
one or more spiny projections on the periphery. 
These cells are seen in uremia, acute blood loss, 
cancer of the stomach and pyruvate kinase 
deficiency. 
Irregular-shaped erythrocytes with long spiny 
projections. They are seen in a congenital 
abnormality characterized by serum 
concentration of low density (beta) lipoproteins. 
Schistocytes Red blood cell fragments. Frequently these cells 
have a hemispherical shape (helmet cells). 
Acanthocytes 
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Staining Hypochramia A condition in which the normal central pallor is 
increased due to decreased haemoglobin 
content. This condition is characteristic of many 
anemias. 
Polychromatophilia This term describes non-nucleated erythrocytes 
that show bluish coloration instead of light 
pink. Polychromatophilia occurs when 
cytoplasm of these cells does not mature, 
resulting in the abnormal persistence of the 
basophilic cytoplasm of the earlier nucleated 
stages. 
Inclusions Howell-Jolly bodies These are nuclear remnants found in the 
erythrocytes of the blood in various anemias. 
They are round, dark violet granules about 1 \i 
in diameter. 
These are bluish threadlike rings found in the 
red cells in the blood of patients with severe 
anemias. They are interpreted as remnants of 
the nuclear membrane and appear as ring or 
'figure-eight' structures. 
Cabot's rings 
(ring bodies) 
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Basophilic stippling Round, small, blue-purple granules of varying 
size in the cytoplasm of the red cell represent a 
condensation of the immature basophilic 
substance that normally disappears with 
maturity. Basophilic stippling occurs in anemias 
and heavy metal poisoning and denotes 
immaturity of the cell. 
Heinz-Ehrlich 
bodies 
Small inclusions found primarily in 
those hemolytic anemias induced by toxins. 
They are round, refractile bodies inside the 
erythrocyte thought to be proteins that have 
been dematured and that they are an indication 
of erythrocyte injury. 
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Materials and Methods 
Subjects were categorized according to duration of exposure (as mentioned in 
Chapter 1). 
Whole blood was used to make peripheral blood smears of the subjects. 
Important chemicals and solutions 
• Giemsa 
• Methanol 
Slide Preparation 
• A drop of blood was spread in a thin layer across a pre-cleaned glass slide 
and allowed to air dry. 
• The slides were fixed in methanol for 15 minutes. 
• Then the slides were stained with 1% giemsa for 15 minutes. 
• The slides were then observed under a light microscope with 200x, 400x 
and lOOOx magnification to evaluate haemotological abnormalities. 
• Photographs of the slides were taken by a microscope (Olympus BX50) 
fitted with a digital camera (Jenoptix, Germany). 
• Haemogram was got done at a commercial diagnostic centre. 
Statistical Analyses 
Mean and standard deviation were calculated for each biomarker. ANOVA was 
performed for assessing statistical significance of the results and all results were 
considered significant at P<0.05. Bivariate correlation was applied by calculating 
no 
Ph.D. Thesis 
Saba Qayyum > ^ ^ ^ llaematological Profile of Electroplalers 
the Pearson coefficient for determining correlation between plasma nickel and 
chromium concentrations versus frequency of haematological indicators (%). 
Results were considered significant at P<0.05 or /'<0.01. 
Results 
The observations made during blood film examination show that the 
morphological changes of both nuclei and cytoplasm in blood cells were marked 
in electroplaters (Table-7). The exposed workers showed higher incidence of 
blood cell abnormalities as compared to their respective controls (Table-8, Fig. 
13). Photomicrographs of blood cells showing abnormalities are presented in Figs. 
14-17. 
Total RBC count showed a decline in electroplaters falling from 6.0±1.1 
(lOVm^) in control individuals of Group I to 5.8±0.7 (lOVm^) and 5.8±0.8 
(lOVmm^) in Group II and III respectively. Lower haemoglobin levels were seen 
in both groups of electroplaters with values 13±1.8 g/dl (Group II) and 13.2±2.6 
g/dl (Group III) respectively as compared to control value of 14±2.3 g/dl. 
Total leukocyte count (TLC) was raised from 6.5±3.7 (10"^ /mm )^ in Group I to 
7.0±3.1 lOVmm^ in Group II viz., individuals with lesser duration exposure but 
again decreased to 6.8±4.3 (10 /^mm^) in electroplaters of Group III having longer 
exposure to the toxic metals. The same trend was seen in neutrophil values as an 
increase was observed from 56% in Group I to 59% in Group 11 but declined back 
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to 58% in Group III. A slightly elevated monocyte count of 4% depicting chronic 
inflammation, acute infection or lipid storage disease. 
Lymphopenia (decrease in lymphocyte levels) was prominent and statistically 
significant (P<0.05) in the electroplaters as the exposure duration increased. 
Raised eosinophil counts were seen in both electroplater groups, with Group III 
showing the highest mean value of 5% as compared to 3% in Group II and 2% in 
Group I. 
Table-9 shows the correlation between plasma nickel and chromium levels with 
the haematological parameters. Plasma nickel level was found to be negatively 
correlated with lymphocyte count (r=-0.56, /*<0.05) and monocyte count (r=-
0.21). Plasma chromium also showed a negative correlation with lymphocyte 
count (r=-0.71, /*<0.05). Both plasma nickel and chromium concentrations were 
negatively correlated with RBC count (r=-0.23, r=-0.01) and Hb (r=-0.35, r=-0.08) 
while they were positively correlated with eosinophil levels (r=0.73, F<0.05) and 
(r=0.63,/'<0.01). 
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Table-7: Various abnormalities found in blood smear of electroplaters. 
Type of Abnormality Significance 
Poikilocytosis 
Anisocytosis 
Echinocytes 
Polychromatophilia 
EUiptocytes 
Howell-Jolly bodies 
Target cells 
Teardrop shaped red blood cells 
Anaemia 
Anaemia including toxin-induced 
anaemia 
Uremia 
Accelerated red cell production 
Various anemias, hereditary 
elliptocytosis 
They generally indicate absent or 
non-functioning spleen. They 
occur in megalobastic anemia and 
in other forms of nuclear 
maturation defects. 
Hemolytic anemias, especially 
sickle cell, and thalassemia 
Myelofibrosis and other 
myeloproliferative disorders, 
pernicious anemia, thalassemia, 
13 
Ph.D. Thesis 
Saba Qayyum I laemalological Profile of Electroplaters 
- e -, '•'o'-c 
Rouleaux formation 
Stomatocytes 
Spherocytes 
myeloid metaplasia, and some 
hemolytic anemias 
Infections, inflammatory and 
connective tissue disorders, and 
cancers 
Liver disease. electrolyte 
imbalance, and hereditary 
stomatocytosis 
Large spherocytes {macro-
spherocytes) are seen in hemolytic 
anemia. Small spherocytes 
(microspherocytes) are sometimes 
seen in severe bum cases. 
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Table-8: Mean values of haematological parameters in the study population. 
Haematological 
Parameters 
RBC 
(lOVm^) 
Hb (g/dl) 
TLC 
(lO^/mm') 
Neutrophils 
(%) 
Lymphocyte 
(%) 
Eosinophils 
Group I 
(n=50) 
6.0±1.1 
14.0±2.3 
6.5±3.7 
56±13.8 
38±8.1 
2±0.4 
Group II 
(n=50) 
5.8±0.7 
13.0±1.8 
7.0±3.1 
59±11.2 
34±4.4* 
3±0.3 
Group III 
(n=50) 
5.8±0.8 
13.2±2.6 
6.8±4.3 
58±12 
33±6.7* 
5±0.7 
(%) 
Monocytes 
(%) 
Basophils 
(%) 
3±1.2 
0 
4±0.5 
0 
3±0.8 
* Q ; Significant at P<0.05 
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TabIe-9: Correlation coefficients for nickel and chromium with haematological 
variables. 
Variables Coefficient of Correlation (r) 
Ni Cr 
RBC -0.23 -0.01 
Hemoglobin -0.35 -0.08 
TLC 0.14 0.4 
Neutrophil 0.29* 0.45 
Lymphocyte -0.56 -0.71** 
Eosinophil 0.73* 0.63** 
Monocyte -0.21 0.06 
*Significant at P<0.05, **Significant at P<0.01. 
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Fig. 14: Photomicrograph showing (A & B) showing normal blood cells. 
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Fig. 15: Photomicrograph of blood cells showing (A) Heinz-Ehrlich bodies or 
granules (B) arrows indicate Erythrocyte polychromatophilia. 
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Fig. 16: Photomicrograph of blood cells showing abnormalities (A) Echinocytes (B) 
Tear drop cells (C) Target cells. 
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Fig. 17: Photomicrograph of blood cells showing abnormalities (A) Stomatocytes 
(B) Elliptocytes (C) Rouleaux formation and (D) Howell-Jolly bodies. 
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Discussion 
The impact of heavy metals on the haematological profile of various experimental 
animals has been studied (Ghazaly, 1992; Tyagi and Srivastava, 2005; Zabinski et 
al., 2006; Ferzand et al., 2008; Keegan et al., 2008). 
The abnormalities seen in blood cells of electroplaters in the present study depict a 
stress response to the heavy metals. These morphological changes in the blood cells 
indicate severe iron deficiency, uremia and malfunctioning of the liver. 
This investigation gives evidence that although the haematological parameters were 
altered in electroplaters, they were not significant except for lymphocyte levels. A 
higher neutrophil and monocyte count in Group II as compared to Group I represent 
inflammatory response and lowered immunity in sub-chronically exposed 
electroplaters. Lower lymphocyte and higher eosinophil levels were seen in both 
groups of electroplaters indicating heavy metal induced infection. 
Chromates are reported to cause blood changes in humans including leukocytosis or 
lymphopenia, monocytosis and eosinophilia (Occupational Health Guidelines for 
Chromic Acid and Chromates, 1978). Our results are consistent with the findings of 
Silva et al. (2006) showing lymphocytopenia in rats treated with chromium. 
This study shows higher total leukocyte count, neutrophils and monocyte levels in 
electroplaters with lesser than 10 years of exposure (Group II) while electroplaters 
having longer duration of exposure (Group III) showed these levels returning closer 
to control range (Group I). This may be attributed to the fact that electroplating 
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solutions generally contain Cr (VI) whose half-time ranges between a few days up to 
two years for the elimination (Bragt and van Dura, 1983; Yamaguchi et al., 1983; 
Schaller et al., 2007). 
While nickel directly enters the cell, chromium has different paths for cell entry. Cr 
(VI) penetrates only by means of sulfate ion channel. Inside the cell, Cr (VI) is 
reduced to Cr (III), generating intermediate Cr (V) and Cr (IV) ions, oxygen, and 
organic radicals. The existing evidence points to Cr (V) as the main reactive species 
in Cr (Vl)-induced genotoxicity (Sugden and Steams, 2000) through direct redox 
reactions with DNA, formation of DNA adducts, and Zn (II) thiolate complexes 
(Levina and Lay, 2005) which, in addition to Cr (VI) complexes formed mainly with 
cellular thiols, are likely triggers of a chain of events leading to carcinogenesis 
(Barchowsky and O'Hara, 2003). Earlier studies have suggested that the increased 
generation of highly reactive oxygen species, which result in oxidative tissue 
damage, is responsible for the toxicity of Ni and Cr as well as other metals 
(Kasprzak, 1991; Stohs and Bagchi, 1995; Beckman and Ames, 1998; Hartwig, 
2000; Antonini, et al., 2005). As any such sort of toxicity also involves blood cell 
production, function, and destruction, the haemotological profile provides a means to 
ascertain underlying abnormal physiological mechanism and monitor cell production 
and cell maturity. 
On the basis of the haematological profile of electroplaters, it may be concluded that 
the frequency of blood cell abnormalities is greater in the electroplaters with sub-
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chronic exposure to nickel and chromium indicating the malfunctioning of liver. 
This may be attributed either to disturbed erythropoiesis and/or extramedullary 
haematopoiesis. 
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Introduction 
The liver function test (LFT) is a simple and reliable biochemical analysis of liver 
enzymes which can be used for a rapid assessment of tissue and cellular damage in 
the liver. Under normal circumstances, these enzymes reside within the cells of the 
liver but when the liver is injured for any reason, they are spilled into the blood 
stream. The LFT is an initial step in detecting liver damage to determine the 
presence of certain liver enzymes in the blood. 
Five liver enzymes are commonly measured clinically as a part of diagnostic liver 
fiinction tests, to determine liver health, viz., serum glutamic oxaloacetic 
transaminase (SCOT) or aspartate aminotransferase (AST; EC 2.6.1.1), serum 
glutamic pyruvate transaminase (SGPT) or alanine amino transferase (ALT; E.C: 
2.6.1.2), alkaline phosphatase (ALP; 3.1.3.1), gamma-glutamyl transferase (GGT; 
2.3.2.2) and total bilirubin. 
SOOT and SGPT participate in transamination reactions, and are known together 
as transaminases. SGPT is primarily localized to the liver but SGOT is present in a 
wide variety of tissues like the heart, skeletal muscle, kidney, brain and liver 
(Rosen and Keefe, 2000; Friedman et al., 2003). They are associated with 
inflammation and injury to liver cells, a condition known as hepatocellular liver 
injury. Cellular damage to the liver typically results in a leak of AST and ALT into 
the bloodstream and the increased levels of these enzymes indicate hepatotoxicity 
(Escher et al., 1999). Serum ALT and AST are usually elevated in serious hepatic 
125 
Ph.D. Thesis ffifl 
Saba Qayyum ^ ^ ^ ^ Nickel <fi Chromium Induced Alterations on Liver Enzymes \ 
damage and the extent of organ damage is dependent on the type of toxicant, its 
mechanism of action and duration of exposure (Jacobson-Kram and Keller, 2001). 
Alkaline phosphatase (ALP) and gamma glutamyl transferase (GGT) are known 
together as cholestasic liver enzymes. ALP is a hydrolase enzyme responsible for 
dephosphorylation of many types of molecules, including nucleotides, proteins, 
and alkaloids. ALP is usually found in the walls of the intra- and extra-biliary 
ducts. Elevated levels of ALP are indications of cholestasis, hepatitis or cirrhosis. 
GGT is involved in the transfer of amino acids across the cellular membrane. It is 
found on the surface of all cells, with particularly high concentrations in the liver, 
bile ducts, and kidney. It is used as a diagnostic marker for liver damage and 
alcohol abuse. Elevated levels of GGT may also be due to congestive heart failure 
and the use of many prescription and non-prescription drugs including 
nonsteroidal anti-inflammatory drugs. 
Bilirubin is an endogenous anion derived from haemoglobin degradation from the 
RBC. It is created by the activity of biliverdin reductase on biliverdin. Bilirubin 
levels in body indicate a balance between production and removal of the pigment 
in body. The demonstration of the potent antioxidant activity of bilirubin, has led 
to the hypothesis that bilirubin's main physiologic role is as a cellular antioxidant 
(Liu et al., 2008). 
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In toxicological studies of exposure, changes in concentrations and enzyme 
activities often directly reflect cell damage in specific organs (Casillas et al., 
1983). Though the liver plays an important role in metabolic processes, exposures 
to metals like nickel and chromium may lead to accumulation of these metals in 
the liver and pathological alterations resulting in hepatotoxicity. Moreover, cell 
injury in liver may lead to the release of tissue specific enzymes into the 
bloodstream (Burtis and Ashwood, 1996). 
Materials and Methods 
Liver enzyme levels were determined by routine methods. The activities of SGOT 
and SGPT were measured by the Reitman and Frankel method (1957). Alkaline 
phosphatase activity was estimated by the method of Kind and King (1954) while 
the activity of gamma-glutamyl transferase was measured according to the method 
of Szasz (1976). Total bilirubin was measured using the method of Jendsrassik and 
Grof(1938). 
Serum Glutamic Oxaloacetic Transferase (SGOT) 
Principle 
SGOT catalyzes the following reaction: 
L-aspartate + 2- Oxoglutarate • Oxaloacetate + L- glutamate 
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The oxaloacetate formed in the reaction with SGOT, reacts with 2,4-
dinitrophenylhydrazine to form a corresponding coloured hydrazone, which can be 
measured photometrically. 
Important chemicals and solutions 
• DL-aspartic acid 
• Dinitrophenylhydrazine (DNPH) 
• a - ketoglutaric acid 
• Phosphate buffer 
• Sodium hydroxide 
• Sodium pyruvate 
GOT Substrate 
• 200 mM DL-aspartic acid solution (pH=7.4) was made by dissolving 13.3 g 
of DL-aspartic acid in minimum amount of IN sodium hydroxide. 
• 0.146 g of a - ketoglutaric acid was added. 
• pH was adjusted to 7.4 and volume raised to 500 ml with phosphate buffer. 
Stock Pyruvate Standard 
• 20 mM stock solution was made by dissolving 220 mg of sodium pyruvate 
per 100 ml in phosphate buffer (pH=^7.4). 
Working Pyruvate Standard 
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• Stock solution was diluted 5 times with phosphate buffer to make 4mM 
working standard. 
Procedure 
Test Sample 
• 0.5 ml of substrate was heated in a water bath at 37°C for 3 min. 
• 0.1 ml of serum was added and incubated for 60 min. 
• Tubes were removed and 0.5 ml of dinitrophenylhydrazine (DNPH) 
solution was added. 
Control 
• Same procedure was repeated with control samples in place of test samples. 
Standard 
• 0.1 ml of working pyruvate standard was mixed with 0.4 ml of substrate, 
0.1 ml of distilled water and 0.5 ml of DNPH in a test tube. 
Blank (B) 
• 0.5 ml of substrate, 0.5 ml of DNPH and 0.1 ml of distilled water was 
mixed in a test tube. 
> All test tubes were allowed to stand for 20 min at room temperature. 
> 5 ml of 0.4 N sodium hydroxide was added and left for 10 min. 
> Readings were taken at 510 nm. 
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Calculations 
Pyruvate formed per min per litre of serum = T-C x 0.4 x 1 x 1000 nmole/ min/ L 
S-B 60 0.1 
where, 
• T- the mean of absorbance values of test samples 
• C - the mean of absorbance values of control samples 
• S - the mean of absorbance values of standard 
• B - the mean of absorbance values of blank 
Serum Glutamic Pyruvate Transferase (SGPT) 
Principle 
SGPT catalyzes the transfer of amino group from L-alanine to 2-oxoglutarate by 
the following reaction: 
L - Alanine + 2- Oxoglutarate • Pyruvate + L- Glutamate 
The pyruvate produced by transamination by GPT reacts with 2,4-
dinitrophenylhydrazine (DNPH) to give a brown-coloured hydrazone, which is 
measured at 510 nm. 
Important chemicals and solutions 
• Alanine 
• a-ketoglutaric acid 
• Phosphate buffer 
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GPT Substrate 
• 200 mM alanine solution was made by dissolving 9 g of alanine in 90 ml of 
distilled water. 
• 0.146 g of a-ketoglutaric acid was added. pH was adjusted to 7.4. Solution 
was made up to 500 ml with phosphate buffer (pH=7.4). 
Procedure 
Same as SGOT except GPT substrate was used instead of GOT substrate. 
Alkaline Phosphatase (ALP) 
Principle 
Serum alkaline phosphatase (ALP) hydrolyzes phenyl phosphate into phenol and 
disodium hydrogen phosphate at pH=10. The phenol so formed reacts with 4-
aminoantipyrene in alkaline medium in presence of the oxidizing agent potassium 
ferricyanide to form a red coloured complex whose absorbance is proportional to 
the enzyme activity. 
Important chemicals and solutions 
• 4-aminoantipyrene 
• Disodium phenyl phosphate 
• Hydrochloric acid 
• Phenol 
• Potassium ferricyanide 
• Sodium bicarbonate 
131 
Ph.D. Thesis CEj^ 
Saba Qayyum ^^^^ Nickel <!i Chromium Induced Alterations on Liver Enzymes 
• Sodium carbonate 
Buffer 
• 6.3 g of anhydrous sodium carbonate and 3.36 g of sodium bicarbonate was 
dissolved in 1 L of distilled water. 
Substrate 
• 2.18 g of disodium phenyl phosphate was dissolved in 1 L of distilled 
water. The solution was boiled and allowed to cool. 
Stock Phenol Standard 
• 1 mg/ml phenol stock solution was made in 0.1 N hydrochloric acid. 
Working Phenol Standard 
• Stock solution was diluted to a concentration of 1 mg/100 ml. 
Procedure 
Test Sample 
• 1 ml of buffer was mixed with 1 ml of phenyl phosphate substrate and 
placed in water bath at 37°C for 3 min. 
• 1 ml of serum was added and incubated for 15 min. 
• The reaction was stopped by adding 0.8 ml of 0.5 N sodium hydroxide. 
Standard 
• 1 ml of buffer was mixed with 1 ml of phenol standard and 0.8 ml of 0.5 N 
sodium hydroxide. 
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> 0.5 N sodium carbonate was added to all the tubes followed by 1 ml 4-
aminoantipyrene (6 g/L) and 1 ml of potassium ferricyanide, and mixed 
thoroughly. 
> Readings were taken immediately at 510 nm. 
Calculations 
Serum alkaline phosphate ^T-C xlO King- Armstrong Units per 100 ml of serum(KA/dl) 
S-B 
IKAunit/dl = 7.1IU/L 
Gamma glutamyl transferase (GGT) 
Principle 
Gamma glutamyl transferase catalyzes the following reaction: 
•glutamyl-p-nitroanilide + glycyiglycine • L-y-glutamyl-glycylglycide + p-nitroaniline 
With L-y-glutamyl-p-nitroanilide as substrate, the highest activity is obtained with 
gycylglycine as acceptor for the y-glutamyl residue. The cleavage product, p-
nitroaniline, has a high absorbance at 405 nm and the activity of gamma glutamyl 
transferase is directly proportional to the amount of p-nitroaniline liberated per 
time unit. 
Important chemicals and solutions 
• 2-Amino-2-methyl-1,3-propanediol 
• L-y -Glutamyl-4-nitroanilide 
• Glycyiglycine 
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• Hydrochloric acid 
Solution 1 
• 120 mM/L of 2-Amino-2-methyl-1,3-propanediol and 60 mM/L of 
glycylglycine was prepared by dissolving 1.261 g of 2-amino-2-methyl-l,3-
propanediol and 0.793 g of glycylglycine in 80 ml distilled water. 
• pH was adjusted to 8.35. 
• Solution was made up to 100 ml with distilled water. 
Solution 2 
• 48 mM/L L-y -Glutamyl-4-nitroanilide was prepared by dissolving 0.137 g 
of L-Y-glutamyl-4-nitroanilide in 10 ml of hydrochloric acid. 
Procedure 
• To 0.1 ml of serum, 1 ml of Solution 1 was added. 
• The reaction was started by adding 0.1 ml of Solution 2. 
• Readings were taken at 1 min intervals for 5 min at 405 nm. 
Calculations 
Activity of y-glutamyl transferase in lU/litre = 1 |imol of substrate converted per 
minute by 1 litre of sample. 
GGT activity = Mean Absorbance/min x 10^  x TV lU/L 
s SV 
where, 
• 8- the molar absorptivity of 4-nitroaniline at 405 nm (9900 litre mol" cm' ) 
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• TV - total volume (1.2 ml) 
• SV - sample volume (0.1 ml) 
Bilirubin 
Principle 
Bilirubin reacts with diazotized sulphanilic acid in acidic medium to form 
azobilirubin, a pink coloured complex whose absorbance is proportional to 
bilirubin concentration. 
Important chemicals and solutions 
• Bilirubin 
• Glacial acetic acid 
• Hydrochloric acid 
• Methanol 
• Methyl red sodium nitrite 
• Sodium acetate 
• Sulphanilic acid 
Diazo Reagent 
10 ml of Solution A (1 g of sulphanilic acid and 15 ml of cone. Hydrochloric acid 
per litre of water) was added to 0.3 ml of Solution B (0.05 g/L sodium nitrite). 
Diazo Blank 
• 15 ml of cone. Hydrochloric acid per litre of water. 
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Artificial standard stock solution 
• 290 mg of methyl red per 100 ml in glacial acetic acid. 
Working solution 
• 1 ml of stock methyl red solution, 5 ml of glacial acetic acid and 14.4 g/L 
of hydrated sodium acetate. 
Procedure 
Test Sample 
• In a test tube, 0.2 ml of serum was taken. 
• 1.8 ml of distilled water was added. 
• 0.5 ml of freshly prepared diazo reagent was mixed into the test tube. 
Control 
• In a test tube, 0.2 ml of control serum was taken. 
• 1.8 ml of distilled water was added. 
• 0.5 ml of freshly prepared diazo blank solution was added to the test tube. 
Standard 
• 1.8 ml of distilled water was added to 0.2 ml of bilirubin standard (10 mg/ 
100 ml) and 0.5 ml of diazo reagent. 
Standard Control 
• 1.8 ml of distilled water was added to 0.2 ml of standard and 0.5 ml of 
diazo blank solution. 
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> 2.5 ml methanol was added to all test tubes and allowed to stand in dark for 30 
min. 
> Readings were taken at 540 nm. 
Calculations 
Total Bilirubin mg / dl serum = T-C x 10 
S-SC 
where, 
• T - mean absorbance of test samples 
• C - mean absorbance of control samples 
• S - mean absorbance of standard 
• SC - mean absorbance of standard control 
Statistical analysis 
Mean values and standard deviation for each biomarker were calculated. Pearson's 
correlation coefficient was calculated between the nickel-chromium levels and 
liver function biomarkers. ANOVA was applied to test significance and the results 
were considered significant at P<0.05 and P<0.01. Statistical analysis was 
performed using SPSS for Windows. 
Results 
Results of the liver function test are summarized in Table-10 and Fig. 18 (A, B). 
Serum glutamic oxaloacetic transaminase (SGOT) was found to be significantly 
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increased in both electroplater groups as compared to the control group. Group III 
showed SGOT mean value of 33.42±7.30 lU/L and Group II had mean value of 
30.85±7.19 lU/L, as compared to Group I where the mean value of SGOT was 
only 23.41 ±1.67 lU/L (P<0.05). SGPT levels also followed a similar trend with 
Group III having highest value of 38.61±6.14 lU/L followed by Group II with 
mean SGPT value as 37.10±4.70 lU/L and Group I showing lowest value of 
22.84±0.84 lU/L (P<0.05). 
Mean levels of cholestasis function, viz., serum alkaline phosphatase (ALP) and 
serum y-glutamyl-transferase (GGT), were higher in both the groups representing 
electroplaters but the increase was not significant as compared to control group. 
ALP showed mean values ranging from 177.04±10.1 lU/L to 203.16±13.5 lU/L in 
Group II and III respectively while Group I individuals showed mean ALP value 
of 110.18±12.2 lU/L. GGT levels also showed an increase with duration of 
exposure as Group I recorded mean GGT value as 5.96±1.41 lU/L, Group II 
showed the value as 8.67±0.54 lU/L and Group III had the highest value of 
11.0±1.7 lU/L. Similarly, the mean bilirubin levels ranged from 0.53±0.12 mg/dl 
in Group I to 0.57±0.16 mg/dl in Group II and 0.58±0.15 mg/dl in Group III, but 
this increase was not significant. 
Table-11 presents the correlation coefficients between plasma nickel and 
chromium levels and liver function indicators among study subjects. Significant 
positive correlations were found between plasma nickel and SGPT (r=0.69, 
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f <0.01), ALP (r=0.59, P<0.05) and GGT (r=0.58, P<0.05). Positive correlations 
were also found between plasma chromium levels and SGPT (r=0.69, P<0.01), 
ALP (r=0.53, P<0.05) and GGT (r=0.52, /'<0.05). SGOT and bilirubin levels also 
showed positive correlations with nickel and chromium but they were not 
significant. 
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Table-lO: Mean values of serum liver function indicators in the study population. 
Parameters 
SCOT (lU/L) 
SGPT (lU/L) 
ALP (lU/L) 
GGT (lU/L) 
Total Bilirubin 
(mg/dl) 
Group I 
(n=50) 
23.41±1.67 
22.84±0.84 
110.18±12.2 
5.96±1.41 
0.53±0.12 
Group II 
(n=50) 
30.85±7.19* 
37.10±4.70* 
177.04±10.1 
8.67±0.54 
0.57±0.16 
Group III 
(n-50) 
33.42±7.30* 
38.61±6.14* 
203.16±13.5 
11.Oil.7 
0.58±0.15 
Significant at P<0.05 
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Table-11: Correlation coefficients for nickel and chromium with LFT 
biomarkers. 
Variable Coefficient of Correlation (r) 
Ni Cr 
SGOT 0.30 0.24 
SGPT 0.69** 0.69** 
ALP 0.59* 0.53* 
GGT 0.58* 0.52* 
Bilirubin 0.13 0.17 
*Significant at P<0.05, **Significant at P<0.01. 
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Fig. 18-A and B: Serum liver enzyme levels in sample population. 
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Discussion 
The transaminases are the most frequently used and specific indicators of 
hepatocellular necrosis. The enzymes serum glutamate oxaloacetic transaminase 
(SGOT) and serum glutamic pyruvate transaminase (SGPT) can be used as 
biomarkers of cellular damage in blood plasma, protein degradation and liver 
damage (Markovich and James, 1999). 
Raised levels of transaminases occur in severe viral hepatitis, drug or toxin 
induced hepatic necrosis, acute and chronic hepatitis, autoimmune hepatitis, acute 
biliary tract obstructions, extrahepatic biliary atresia (EHBA), fatty liver, cirrhosis 
and circulatory shock (Daniel and Marshall, 1999; Friedman et al., 2003). A 
possible explanation for elevated transaminase levels was provided by Kumari et 
al. (1993) that in order to metabolize amino acids released from exaggerated tissue 
breakdown durmg liver injury, transmutation gets enhanced leading to increased 
activity of these enzymes. 
Elevations in alkaline phosphatase (ALP) occur in cholestatic disorders, as a result 
of both intrahepatic and extrahepatic obstruction to bile flow. Gamma-glutamyl 
transferase (GGT) also a cholestasic enzyme, is commonly used in the diagnosis 
and monitoring of hepatobiliary diseases. Increased GGT activity can indicate the 
damage of hepatobiliary tissue. High bilirubin levels or hyperbilirubinemia reflect 
underlying liver disease and are directly proportional to the degree of histological 
inj ury o f hepatocy tes. 
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The levels of transaminases in electroplaters in the present study are consistent 
with earlier findings which also reported increase in transaminase levels due to 
heavy metal exposure (Singh et al., 1994; Bersenyi et al., 2003; Vutukuru et al.. 
2007; Pari and Prasath, 2008). 
In the present study, alkaline phosphatase, gamma glutamyl transferase and total 
bilirubin showed an increase, though not significant in electroplaters. Similar 
results were reported by other workers in exposure studies (Sunderman et al.. 
1988; Mathur et al., 1991; Kalahasthi et al., 2006; Pari and Prasath, 2008). A time-
dependent Increase was observed in the mean levels of the indicators included in 
this study. The levels of all liver enzymes were highest in the group of 
electroplaters with greater duration of exposure to nickel and chromium (Group 
III). Plasma nickel and chromium concentrations were positively and significantly 
correlated with SGPT, ALP and GOT levels in this study. This finding supports 
the toxicity caused by nickel and chromium exposure indicating hepatocellular 
damage. 
The most plausible mechanism of liver damage due to nickel and chromium is the 
generation of reactive oxygen species (ROS), thereby causing oxidative damage to 
critical macromolecules like proteins, DNA as well as cell damage/ death (Das et 
al., 2001; Doreswamy et al., 2004). Earlier studies have reported increased ROS 
production in mammalian cells during exposure to nickel, and that nickel 
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carcinogenesis may involve multiple types of oxidative damage including the 
inhibition of histone acetylation (Kang et a!., 2003). Increasing experimental 
evidence suggests that nickel-induced genotoxicity may also be mediated by 
oxygen radical intermediates (Kasprzak, 1991; Klein et al., 1991; Snow, 1992). 
Intracellular reduction of some forms of chromium like Cr (V) and Cr (VI) hasve 
been associated with the production of ROS (Liu et al., 2001; Liu and Shi, 2001; 
Ye and Shi, 2001). The reduction of Cr (VI) to Cr (III) involving glutathione, 
ascorbate. Vitamin E (Wiegand et al., 1984; Suzuki, 1990; Blankenship et al., 
1997; Chundawat and Sood, 2005), may lead to the increased production of ROS, 
inducing oxidative stress (Anad, 2005). Thus, the alterations in the liver enzyme 
levels in the present study may be attributed to the metabolic dysfunction resulting 
from nickel-chromium induced ROS production. 
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Introduction 
Oxidative stress may be defined as a violation in the balance between oxidants and 
reductants in living organisms. The living cells are exposed to oxidants originating 
from a large variety of exogenous and endogenous sources. Exogenous sources 
include air pollutants, natural deleterious gases, ozone, ionizing and non-ionizing 
irradiation, chemicals, toxins, pathogenic bacteria and viruses (Menzel, 1994; 
Podda et al., 1998; Halliwell and Gutteridge, 2000). 
At the molecular level, reactive oxygen species (ROS) are constantly generated in 
all aerobic organisms in response to both external and internal stimuli. Low 
concentrations of radicals may be beneficial in intracellular messaging and defense 
against micro-organisms, contributing to phagocytic bactericidal activity. In 
contrast, high doses and inadequate removal of active oxygen results in oxidative 
stress, which may cause severe metabolic malfunctions. 
ROS generation through normal cellular metabolism and by means of exogenous 
insult is a constant problem for which cells have developed multiple protective 
mechanisms to survive (Ha et al., 1998). In fact, free radical production and 
disturbance in redox status can modulate the expression of a variety of 
inflammatory molecules (Sundaresan et al., 1995; Kaouass et al., 1997) leading to 
inflammatory processes, both exacerbating inflammation and affecting tissue 
damage (Tsai et al., 1998). 
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Due to the high potential to damage vital biological systems, reactive species have 
been incriminated in more than 100 disease states (Halliwell et al., 1992; Ames et 
al., 1993). Living organisms have developed complex antioxidant systems to 
counteract reactive species and to reduce their damage. These antioxidant systems 
include enzymes such as superoxide dismutase, catalase, and glutathione 
peroxidase; macromolecules such as albumin, ceruloplasmin, and ferritin; and an 
array of small molecules, including ascorbic acid, a-tocopherol, |3-carotene, 
ubiquinol-10, reduced glutathione (GSH), uric acid, and bilirubin (Yu, 1994) and 
the antioxidant vitamins taken up in the diet (Bendich, et al., 1986; Passmore, 
1987). 
Antioxidant components are microconstituents present in the diet that can delay or 
inhibit lipid peroxidation, by inhibiting the initiation or propagation of oxidizing 
chain reactions, and are also involved in scavenging free radicals. Reactive oxygen 
intermediates, including hydroxyl radicals (*0H), superoxide anions ('02"). 
hydrogen peroxide (H2O2) and nitric oxide (NO), lead to lipid peroxidation and 
specific oxidation of some enzymes and protein oxidation and degradation 
(Lledias et al., 1998; Stamler and Hausladen, 1998). 
Many researchers believe that vitamin supplements can dramatically reduce free 
radical damage, prevent and delay the onset of chronic degenerative diseases, and 
possibly extend lifespan (Jacob and Sotoudeh, 2002). 
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Total Protein 
Plasma proteins are derived primarily from synthesis in the liver, plasma cells, 
lymph nodes, spleen, and bone marrow. In disease states, both the total plasma 
protein level and the ratio of the individual fractions may be dramatically altered 
from their normal values. Hypoproteinemia may be caused by such conditions as 
nephrotic syndrome, extensive bleeding, sprue (deficient protein absorption), 
severe bums, salt retention syndromes, and Kwashiorkor. Hyperproteinemia may 
be observed in cases of severe dehydration and disease states such as multiple 
myeloma. Changes in the proportions of the plasma proteins may occur in one or 
several of the protein fractions and often without alterations in the quantity of the 
total protein. Total protein concentrations are a useful marker for assessment of 
synthetic ftinction of liver (Hayden and Heyningen, 2001; Kalahasthi et al., 2006). 
Serum Albumin 
Serum albumin is the most abundant blood plasma protein and is produced in the 
liver and forms a large proportion of all plasma protein. The human form is human 
serum albumin, and it normally constitutes about 60% of human plasma protein. 
Albumin is essential for maintaining the osmotic pressure needed for proper 
distribution of body fluids between intravascular compartments and body tissues. 
It also acts as a plasma carrier by non-specifically binding several hydrophobic 
steroid hormones and bile salts, unconjugated bilirubin, free fatty acids 
(apoprotein), ions (transferrin) etc. 
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As the hepatic synthesis of albumin tends to decrease in end-stage liver disease. 
serum albumin is considered a useful tool for evaluating liver function (Bonis et 
al., 1999; Kamath et al., 2001; Botta et al., 2003). 
Total Antioxidant Status 
Several methods (Wayner et al., 1985; Glazer, 1990; Whitehead et al., 1992; Cao 
et al., 1995) have been developed to assess the total antioxidant capacity of human 
serum or plasma because of the difficulty in measuring each antioxidant 
component separately and the interactions among different antioxidant 
components in the serum or plasma. 
The FRAP assay measures the ferric-to-ferrous iron reduction in the presence of 
antioxidants. FRAP assay measures the change in absorbance at 593 nm owing to 
the formation of blue colored Fe Il-tripyridyltriazine compound from colourless 
oxidized Fe III form by the action of electron donating antioxidants. 
Lipid Peroxidation 
Oxidative stress generally causes damage to the membrane polyunsaturated fatty 
acids (PUFA). Lipid peroxidation is a well-established mechanism of cellular 
injury in human, and is used as an indicator of oxidative stress in cells and tissues. 
Lipid peroxides, derived from PUFAs, are unstable and decompose to form a 
complex series of compounds. These include reactive carbonyl compounds, 
among which malondialdehyde (MDA), a thiobarbituric acid reacting substance 
(TBARS), is the most abundant. Therefore, measurement of MDA is widely used 
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as an indicator of lipid peroxidation. MDA originates from several sources: 
peroxidation of plasma lipids, blood platelets, peroxidation of lipids in endothelial 
and other cells (Beltowski et al., 2000). 
Increased levels of lipid peroxidation products have been associated with a variety 
of diseases in both humans and model systems (Draper and Headley, 1990; 
Romero et al., 1998; Nayak et al., 2001; Kashiwagi et al., 2005). 
It is known that lipid peroxidation is a free radical-related process which may 
occur under enzymatic or nonenzymatic control in biologic systems. This is 
associated mostly with cellular damage as a result of oxidative stress, which also 
involves decreased cellular antioxidants and, consequently, increased MDA levels 
(Nayak etal., 2001). 
Materials and Methods 
Total Protein 
Total protein concentration was estimated in the study population by the method 
ofLowry etal. (1951). 
Principle 
The principle behind the Lowry method of determining protein concentrations lies 
in the reactivity of the peptide nitrogen with the copper [II] ions under alkaline 
conditions. The phenolic group of tyrosine and trytophan residues (amino acid) in 
a protein produces a blue- purple coloured complex with Folin - Ciocalteau 
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reagent which consists of sodium tungstate molybdate and phosphate. The 
intensity of colour depends on the amount of these aromatic amino acids present 
and will thus vary for different proteins. 
Important chemicals and solutions 
• Bovine Serum Albumin (BSA) 
• Copper sulphate 
• Folin Ciocalteu's solution 
• Sodium carbonate 
• Sodium potassium tartarate 
Copper Reagent 
A - 4% sodium carbonate dissolved in double distilled water. 
B - 2% copper sulphate dissolved in double distilled water. 
C - 4% (w/v) sodium potassium tartarate in double distilled water. 
1 ml of B was mixed with 1 ml of C and then 48 ml of A was added. 
FoHn's Reagent 
2 N Folin Ciocalteu's solution obtained commercially was diluted 1:1 with double 
distilled water. 
Procedure 
• 0.1 ml of serum was raised to 1 ml with double distilled water. 
• 5 ml of copper reagent was added and mixed thoroughly. 
• After 10 minutes, 1 ml of Folin's reagent was added. 
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• Optical density (O.D.) was measured at 625 nm after 30 minutes. 
• Total protein was calculated using Bovine Serum Albumin (BSA) with 
working concentration of 100 ^g/ml made from a stock solution of 1 mg/ml 
concentration. 
Serum Albumin 
Serum albumin was measured by the bromocresol green (BCG) binding method, 
as described by Cheesbrough (1991). 
Important chemicals and solutions 
• Bovine Serum Albumin (BSA) 
• Bromocresol green 
• Sodium Acetate 
Procedure 
• Bromocresol green (BCG) reagent was prepared in acetate buffer (pH=4.2). 
• 4 ml of BCG reagent was pipetted into each test tube containing 20 [il 
serum of each subject from all 3 groups. 
• Solution was mixed well and O.D. of the solution was read immediately at 
632 nm. 
Calculations 
Albumin (g/L) = AT x 30 
AS 
where, 
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AT- Absorbance of samples 
AS- Absorbance of 30 g/L bovine serum albumin standard 
Total Antioxidant Power 
The total antioxidant power in the samples was estimated by measuring the ferric 
reducing ability (Benzie and Strain, 1996). 
Important chemicals and solutions 
• Ferric chloride 
• Hydrochloric acid 
• Sodium acetate 
• Tri pyridyl triazine (TPZ) 
FRAP Solution 
A solution of 10 ml of 22.78 mM sodium acetate (pH=3.6), 1 ml of 20 mM ferric 
chloride and 1 ml of 10 mM 2,4, 6 Tri pyridyl triazine (TPZ) was prepared in 40 
mM hydrochloric acid. 
Procedure 
• 0.1 ml of plasma and freshly prepared FRAP were pre-incubated for 5 
minutes at 30°C before starting the reaction. 
• To plasma, 900 ^l of FRAP was added and incubated at 30°C for 5min. 
• O.D. was then taken at 593 nm. 
• Total antioxidant status was calculated using ferrous sulphate as standard. 
The resuhs were expressed in \imo\ Fell/L of extract. 
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Lipid Peroxidation 
Lipid peroxidation was expressed as malondialdehyde (MDA) determined by the 
method of Satoh (1978). 
Important chemicals and solutions: 
• n-butyl alcohol 
• Sodium sulphate 
• Sulphuric acid 
• Thiobarbituric acid (TBA) 
• Trichloroacetic acid (TCA) 
Procedure 
• To 0.5 mL plasma, 2.5 mL of trichloroacetic acid (TCA) was added and 
was left to stand for 10 minutes at room temperature. 
• It was centrifuged at 3500 rpm for 10 minutes and then the supernatant was 
decanted. 
• The precipitate was washed with sulphuric acid. 
• To this precipitate, 2.5 ml sulphuric acid and 3 ml thiobarbituric acid 
(TBA) in sodium sulphate were added. 
• Coupling of lipid peroxide with TBA was carried out by heating in a 
boiling water bath for 30 minutes. 
• After cooling in cold water, the resulting chromogen was extracted with 4 
ml of n-butyl alcohol by vigorous shaking, 
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• Separation of the organic phase was done by centrifuging at 3000 rpm for 
10 minutes. 
• O.D. was determined at the wavelength of 530 nm. 
• MDA was expressed as mMol/L. 
Statistical Analyses 
Statistical evaluation was carried out with the SPSS 10.0 software for Windows. 
Data obtained from the study groups were compared by ANOVA. Correlation 
analyses between variables were made by Pearson's test; P<0.05 or P<OM were 
considered as statistically significant. All the results are expressed as mean ± 
standard deviation (SD). 
Results 
Table-12 and Fig. 19 (A,B) summarize the results of oxidative stress parameters in 
the study population. Total protein showed a significant decline in electroplaters in 
comparison to the control value of 80.23±0.45 mg/ml. The mean protein 
concentration decreased to 63.51±0.53 mg/ml in electroplaters with exposure 
history of more than 10 years (Group III) from 70.05±0.26 mg/ml in the group 
comprising of electroplaters with shorter duration of exposure (Group II). A 
similar trend of reduction in mean values was observed with serum albumin. 
Serum albumin in Group III showed a 1.2 fold decrease from the control group. 
On the other hand, the total antioxidant status (TAS) levels significantly increased 
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with exposure time. The ferric reducing ability of plasma was highest with the 
value of 0.72±0.04 mmol/L in Group III electroplaters followed by Group II and 
least in Group I, where the mean values were 0.58±0.05 mmol/L and 0.33±0.02 
mmol/L respectively. Lipid peroxidation was expressed as MDA levels in the 
plasma of subjects. MDA levels showed an increasing range from 1.57±0.25 
nmol/ml in Group I to 2.03±0.38 nmol/ml in Group II and 2.51±0.50 nmol/ml in 
Group III. 
Table-13 presents the correlation coefficients between plasma nickel and 
chromium levels and liver function indicators among study subjects. Significant 
negative correlations were found between plasma nickel and total protein (r=-0.79, 
P<0.05) and positive correlations were seen with total antioxidant status (r=0.89, 
P<0.01) and lipid peroxidation (r=0.90, /'<0.01). Plasma chromium levels also 
showed negative correlations with total protein (r=-0.83, f<0.01) and serum 
albumin (r=-0.85, P<0.01). Positive correlations were seen between chromium 
concentrations and total antioxidant status (r=0.73, /*<0.01) and lipid peroxidation 
(r=0.83, P<0.01). 
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Table-12: Oxidative stress biomarkers in sample population. 
Parameters 
Total protein 
(mg/ml) 
Serum Albumin 
(mg/ml) 
Total Antioxidant Status 
(mmoI/1) 
Lipid Peroxidation 
MDA (nmol/ml) 
Group I 
(n=50) 
80.23±0.45 
38.74±0.86 
0.33±0.02 
1.57±0.25 
Group II 
(n=50) 
70.05±0.26* 
34.11±0.53* 
0.58±0.05* 
2.03±0.38* 
Group III 
(n=50) 
63.51±0.53* 
32.07±1.2* 
0.72i0.04* 
2.51±0.50* 
* Significant at P<0.05 
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Table-13: Correlation coefficients for niclcel and chromium with oxidative stress 
biomarkers. 
Variable Coefficient of Correlation (r) 
Ni Cr 
Total Protein 
Serum Albumin 
Total Antioxidant Status 
Lipid Peroxidation 
-0.79* 
-0.65 
0.89** 
0.90** 
-0.83** 
-0.85** 
0.73** 
0.83** 
*Significant at P<0.05, **Significant at /'<0.01. 
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Fig. 19- A and B: Oxidative stress biomarkers in study population. 
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Discussion 
Heavy metals, such as nickel and chromium, become toxic at excessive 
concentrations, damaging the plasma membrane and other cell components, 
altering enzymes, and producing cytotoxic species such as reactive oxygen 
radicals (Lowry et al., 1951). Earlier studies have shown that heavy metals 
accumulate mainly in metabolic organs such as liver which stores metals to 
detoxificate by producing metallothioneins (Kalay and Erdem, 1995; Al-Yousuf et 
al., 2000). 
Nickel and chromium, especially hexavalent chromium, Cr (VI), are reported to 
produce reactive oxygen species (ROS), such as hydroxyl radicals (*0H), 
superoxide anion ('Oa ~), singlet oxygen ('O2), and H2O2 (Connett and Wetterhahn, 
1983; Stohs and Bagchi, 1995; Shi et al., 1999). Cr (VI) is reduced to its lower 
oxidation states within the cell with the potential to generate reactive oxygen 
species (ROS) (Connett and Wetterhahn, 1983; Shi et al., 1999). This increased 
production of ROS can trigger several key signaling events, which can provoke 
adverse biochemical and molecular abnormalities in the target cells, leading to 
disease. Such conditions associated with oxidative stress can be estimated by a 
physicochemical condition in which an increase in the steady-state levels of 
oxidative species occurs (Ansaldo et al., 2000). 
Cellular defense systems protect the organism against oxyradical damage such as 
DNA strand breaks, protein oxidation and the induction of lipid peroxidation 
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(Winzer et al., 2000). An increase of the activated form of molecular oxygen 
species due to overproduction and the inability to destroy them may lead to 
damage in the DNA structure and thus, may cause mutations, chromosomal 
aberrations and carcinogenesis (Akyol et al., 1995). Free radicals may also 
stimulate cell growth by damaging specific genes that control the growth rate and 
differentiation during the promotion phase (Akyol et al., 1995). 
Total protein and albumin are markers of pulmonary injury and potential targets of 
oxidative injury. Serum proteins are considered targets of oxidative injury and 
they are often denatured by ROS (Halliwell, 1993). The exposed workers in this 
study showed a generalized trend of declining total protein and serum albumin 
levels with increasing electroplating years (P<0.05). The lowest levels were seen 
in Group III viz., electroplaters with greater duration of exposure. Nickel ions 
have a higher affinity for proteins and amino acids and have shown to produce 
oxidation of proteins in cells (Costa et al., 1994). Binding of nickel to some 
chromatin proteins in somatic cells may result in oxidative and structural damage 
to proteins (Kasprazak et al., 2003). As reported m this study, the decline in total 
protein levels with chromium exposure has been related to impairment of protein 
synthesis (Rao et al., 2009). Chromium (VI) has also been known to induce 
oxidative stress through enhanced production of ROS leading to deterioration of 
proteins in tissues (Bagchi et al., 2002). Since albumin is synthesized in the liver, 
decreased serum albumin may be a sign of liver disease. Depletion of these 
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primary antioxidant defenses and the inability of workers to upregulate in parallel 
with increased oxidant generation may facilitate disease development. The 
magnitude of these changes with continued exposure to nickel and chromium 
provides further indication of the total disruption of homeostasis. 
Total antioxidant status was significantly increased in Group II and III of 
electroplaters (P<0.05). These results suggest that the increased oxidative stress by 
Ni and Cr triggers the upregulation of defenses to protect cells. Thus, the total 
antioxidant capacity is part of a tightly regulated homeostatic mechanism. This 
was expected because an efficient antioxidant defense system is important in the 
control of oxidative stress caused by free radicals and other reactive species, 
which are continuously generated in the body. 
Lipid peroxidation is often discussed as a cause of metal induced toxicity (Ames et 
al., 1982). Peroxidation of membrane lipids disrupts its structural organization. In 
addition, aldehydes produced from the decomposition of polyunsaturated fatty 
acids are capable of forming cross linking in proteins and nucleic acid which leads 
to inactivation of many cellular constituents, membranes and enzymes (Haberland 
et al., 1988). Malondialdehyde is an indirect marker of lipid peroxidation as 
lipoperoxidation continues up to the formation of MDA (Knight et al., 1992). 
MDA can modify proteins and together with the changes of membrane lipids 
during lipid peroxidation, may be the main cause of damage to erythrocyte 
membranes and subsequent hemolysis (Jain, 1988; Chiu et al., 1989; Knight et al. 
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1992). As a transition metal, Cr (VI) can replace iron and copper in Fenton 
reactions and generate hydroxyl radical which is able to initiate lipid peroxidation, 
leading to increased MDA concentrations (Dey et al., 2003; Kalahasthi et al.. 
2006; Sawicka et al., 2008). In the present study, a 1.3 and 1.6-fold increase in 
MDA levels was seen in Group II and Group III of nickel-chromium exposed 
electroplaters respectively, in relation to control group I (P<0.05). Corroborating 
with present data, other studies have also reported elevated levels of lipid 
peroxidation in the nickel and chromium treated animals (Mishra et al., 1990; Das 
etal., 2001; Rao etal., 2009). 
The correlation coefficients showed significant associations between plasma 
nickel and chromium levels with the markers included in this study. On the basis 
of these results, it is clear that occupational exposure to nickel and chromium is 
likely the major contributing influence in the changes of these oxidative stress-
induced biomarkers. 
The results presented in this study provide support for the use of ROS-mediated 
changes in antioxidant status, free-radical generation potential, and resulting lipid 
peroxidation by-products in blood as potential biomarkers of exposure to nickel 
and chromium. 
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The effects of heavy metals (nickel and chromium), extensively used in 
electroplating of locks, has been evaluated. Subjects employed in lock factories 
along with matched controls were included in the study. 
Subjects were divided into 3 groups depending upon their time of exposure to 
nickel and chromium. Each group had 50 subjects, all male, age ranging from 18-
35 years. 
• Group I included the control individuals. 
• Group II comprised of electroplaters employed for less than 10 (1-9) years, 
representing sub-chronic exposure. 
• Group III represented chronic exposure, consisting of electroplaters with 
greater than 10 (10-25) years of occupational exposure to nickel and 
chromium. 
Genetic damage, clinical pathology and biochemical changes have been correlated 
with the nickel and chromium levels in electroplaters. 
1. A questionnaire based survey along with physical examination of the 
electroplaters revealed a higher frequency (%) of common symptoms like 
fever and tiredness as well as respiratory and eye problems, dental 
abnormalities and skin infections. The body mass index (BMI) showed a 
decline from electroplaters with lesser duration of exposure to electroplaters 
exposed over a greater amount of time. The results reflect a general 
deterioration in the health status of electroplaters sub-chronically exposed 
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to nickel and chromium, and then accHmatization to the environment with 
further continuous exposure. 
2. The levels of nickel and chromium in plasma of subjects were measured 
using Atomic Absorption Spectrophotometry (AAS). Electroplaters showed 
higher concentrations of both nickel and chromium as compared to control. 
The concentrations of nickel as well as chromium were significantly higher 
in Group III than in Group II. This reflects higher accumulation of nickel 
and chromium in chronically exposed individuals. 
3. The micronucleus test (MNT) was used to evaluate genetic damage in the 
study population. The frequency of IVfN and other nuclear anomalies (%o) 
were found to be significantly greater than control in Group II followed by 
Group III. This strengthens the claim that longer exposure to nickel and 
chromium may lead to greater genetic damage. 
4. The wide range of morphological abnormalities in the blood cells of 
electroplaters implies liver malfunctioning. Lowered RBC count and 
haemoglobin are indications of anaemia while the higher total lymphocyte 
count, neutrophils and monocyte levels in Group II as compared to Group 
III represent inflammatory response and lowered immunity in sub-
chronically exposed electroplaters. 
5. The liver enzymes showed an elevation in electroplaters with respect to 
control. The transaminases, serum glutamic oxaloacetic transaminase 
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(SGOT) and serum glutamic pyruvate transaminase (SGPT); cholestasis 
enzymes, alkaline phosphatase (ALP) and gamma-glutamyl transferase 
(GGT) as well as total bilirubin showed an increase with exposure time. 
These results reveal underlying liver damage or malfunctioning. 
6. A significant decrease in total protein and serum albumin levels along with 
a significant increase in the total antioxidant status and lipid peroxidation 
has been observed as the duration of exposure increased in electroplaters. 
Impaired protein synthesis along with increased oxidative stress is indicated 
through these records. 
The results of this study bring into light the genotoxic effects of nickel and 
chromium in the electroplating industry. These metals induced micronuclei and 
other nuclear anomalies, enhanced the generation of reactive oxygen species 
(ROS) and induced oxidative stress. They caused oxidant damage in target 
cells, resulting in changes in certain well characterized and exploratory 
markers of genotoxic damage. 
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Background: High Ancidence of burn injuries in developing and industrialized 
^countries is a major public health problem ,The exact number of cases is^dijficult to 
determine; liowever in a country like India, with ajpopulation of over 1 billion, we would 
Estimate Y—SptiUwn burn admissions annually^ 
'Objective: The study was done to investigate the epidemiology ofxanoui ou/ns, 
.causations, first-did and their outcomes in ternis of morbidity^ and mortality. Also, the 
'effect of social stigma and Cultural issues associated with burns on the victim and his 
family was ass ess ed.r . "j ' ' - ' , 
Materials and Methods: All burn cases (n=^612/ admitted to the burns unit of 
Department of Plastic Surgery, Jawaharlal Nehru Mediral College Hospital, Aligarh 
over a period of three year (January2007-December2009) were investigated. The data 
regarcfing sex, age predisposition, geographical origin, mode and nature of injury^and 
awareness regarding the burn prevention were obtained by questionnaire-interview 
_with thepatientthemselves. . . • • ^u..l:... -; 
Clinical ^assessment was done in the jorm of depth and -extent of injury and 
complications. In case of mortality, again various factors like age, sex and cause of 
death were analyzed. 
Results: Burns were found more commonlv in middle-aged groups. The incidence was 
more in females as an absolute number (76.3%) as well as wfien stratified by age. Most 
burns were domestic, with cooking being the most prevalent activity. Flame (80.22%) 
was the most common agent. Most of the cases of burn were accidental (67.7%). 
Moreover, the patients had third degree burn that leads to more mortality in our 
circutnstances. Death occurred in more than one-half (62.3%) of cases with septicemia 
and disseminated intravascular coagulation (35.4%) as the leading causes. 
Water was the most Jrequently (30%) used immediate remedy after burn. This was 
closely followed by use of a blanket (25%) and use of hands (2U%). 15% of the patients 
.either used some chemical or tore their clothes immediately after burning while 10% of 
the burnt individuals used no remedy at all. • - . ^ 
Conclusion: This series provides an overx'iew of the most important aspects of burn 
injuries for hospital and non-hospital healthcare workers. The majority of deep burns 
are accidental, seen in middle-aged housewives as a result of flame bums, ana lead to 
death. So, measures should be taken to provide proper education regarding first-aid and 
'pretention ofthese accidents and ensure safety. •  
KEY WORDS, Bum, total body surface area, prevention, first-aid, epidemiology 
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OBSERVATION ON THE CHANGES OF LACTATE DEHYDROGENASE 
ISOENZYMES IN POST-BURN PATIENTS: SIGNIFICANCE 
IN RELATION TO CREATINE KINASE 
OPSERVACIJE O PROMENAMA U IZOENZIMIMA LAKJAT DEHIDROGENAZE KOD PACIJENATA 
SA OPEKOTINAMA; Z N A 6 A J U O D N O S U N A KREATIN K I N A Z U 
Riaz Ahmad'', Saba Qayyum'', Absar-ul Hasnain'', Anjum Ara'', Arshad H. Khan^, Mumtaz Alam^ 
''Section of Genetics, Department of Zoology, Faculty of Life Sciences 
^Department of Plastic Surgery, Jawahiarlal Nefiru Medical College and Hospital 
Aligarti Muslim University, Aligarh-202002 (UP), India 
Summary: The present study deals wfth the quantitative 
assessment of lactate dehydrogenase isoenzymes in the 
sera of burn subjects. Efforts are also made here to show the 
better predictive marker value of sera LDH, as the few other 
known protein markers like creatine kinase and myoglobin 
have limited analytical value in the management of thermal 
burns. Stood was initially collected at day-1 of admission 
from 29 bum and 10 healthy subjects. Then the sampling 
was carried out at 2, 5, 10, 20 and 50 days of wound 
healing (recovery). Plasma and sera LDH isoenzymes were 
monitored during 7.5% polyacrylamide gel electrophoresis. 
Quantitative assessment of LDH isoenzymes was done from 
gel-scans using GelPro and Scion Imaging softwares. Sera 
CK levels were estimated colorimetrically using reagent kits. 
Our results show that quantitative changes in LDH iso-
enzyme were more convincing and interpretable in the sera 
than plasma. Sera LDH-5 isoenzyme was detected as the 
major contributor of total sera LDH activity, which follows a 
change parallel to sera CK in burn subjects. Sera LDH-5 
activity also remains significantly high for up to 10 days 
while sera CK levels were detected elevated up to 5 days 
(P<0.05) during the recovery of patients. Therefore, the 
present findings indicate better stability of sera LDH-5 than 
sera CK during post burn wound healing and strongly 
recommend the use of sera to assess the LDH activity. 
Keywords: biomarker, lactate dehydrogenase isoenzymes, 
polyacrylamide gel electrophoretic profiles, sera creatine 
kinase, thermal burns 
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Kratak sadriaj: Predmet studije je kvantitativna procena 
enzima laktat dehidrogenaze u serumu pacijenata sa opeko-
tinama. Namera je bila da se prikaie boija prediktivna vrednost 
markera LDH iz seruma, poJto nekoliko ostalih poznatih profe-
inskih matkera poput kreatin kinaze i mioglobina imaju ograni-
ienu analitifku vrednost u zbrinjavanju termiikih opekotina. 
Krv je uzeta prvog dana po prijemu od 29 pacijenata sa ope-
kotir\ama i 10 zdravih subjekata. Zatim su uzimani uzorci posle 
2, 5,10, 20 i 50 dana zaceljivanja (oporavka). Izoenzimi LDH 
u plazmi i serumu pradeni su tokom elektroforeze na 7,5% 
poliakrilamWnom gelu. Kvantitativna procena izoenzima LDH 
izvrlena je putem gel-skenova pomodu softvera Ge/fto i Scion 
Imaging. Nivoi CK u serumu odredeni su kolorimetrijski ko-
rildenjem komercijalnih reagenasa. Rezultati pokazuju da su 
kvantitativne promene u izoenzimima LDH bile ubedlfivije i 
lakie za tumacSenje u serumu nego u plazmi. Uo&no je da je 
izoenzim LDH-5 iz seruma glavni finilac ukupne aktivnosti LDH 
u serumu, koji prati paraleinu promenu CK u serumu 
pacijenata sa opekotinama. Takode, aktivnost LDH-5 u serumu 
ostaje zna&jno poviiena i do 10. dana, dok su nivoi CK u 
serumu poviSeni do 5. dana (P<0,05) oporavka. Stoga naSi 
rezultati ukazuju na bolju stabilnost LDH-5 u serumu nego CK 
u serumu tokom procesa zaceljivanja opekotiria, te se pre-
poruduje upotreba seruma za procenjivanje aktivnosti LDH. 
Klju£ne n&: biomarker, izoenzimi laktat dehidrogenaze, 
elektrofbretski profili poliakrilamidnog gela, kreatin kinaza u 
serumu, termiike opekotine 
Introduction 
Proteins and enzymes or their multiple forms are 
fairly reliable markers to assess the type and extent of 
damage to tissues under clinical conditions. Among 
them, lactate dehydrogenase (LDH, EC. 1.1.1.27.) is 
Abbreviations: lactate dehydrogenase (LDH); creatine kinase (CK); 
polyacrylamide gel electrophoresis (PAGE). 
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Abstract 
Polyacrylamide gel electrophoresis (PAGE) revealed that almost all of serum proteins of spotted 
snakehead Channa punctata precipitate at 75% ammonium sulphate (AS) saturation. AS fractions 
of 65% predominantly contained Y-globulins, traces of haptoglobin and P-globuUn. Two of P-
globulins, haptoglobins and transferrins were identifiable due to specific staining. Fraction of 45% 
AS saturation had only globulins, while fraction of 25% contained almost pure albumin-like protein. 
Albumin-like protein showed cross-reactivity against rabbit anti-HSA antiserum. For albumin-like 
proteb of Channa punctata, a molecular weight of ~70 kD was determined by SDS-PAGE, which 
was similar to the value reported for HSA. Since serum albumin is not ubiquitously distributed in 
class t>isces, its occurrence in C. punctata, which is a fish of evolutionarily remote origin is signifi-
cant. 
Introduction 
In addition to globulin and albumin like components that 
constitute approximately 60-97% of total serum proteins 
[1-2], other low concentrations or trace metabolites also 
exist in human serum. A recent proteomic study has iden-
tified up to 81 components in human plasma [3]. How-
ever, investigators generally relied on electrophoretic co-
migration of components of sera under investigation with 
well-characterized fractions of mammalian serum [4-6]. 
While due to prime role in immune response, much of the 
recent attempts on fish plasma proteins continue to focus 
on immunoglobulin [6-7], reports on identification and 
characterization offish serum albumin are scanty [4, 8-9]. 
Of the p-globulin group, polymorphic pure transferrins 
of Channa punctata had been identified further by several 
biochemical criteria [10]. 
From evolutionary perspective, quantitative and qualita-
tive status of several well-identified abundant proteins in 
lower vertebrates n.;eds explanations. For instance, in 
some fish species albumin may exist in minute quantities, 
while sera of other fish species may entirely lack of it 
[11]. More primitive hagfish contain a large sized lipopro-
tein that binds molecules typically transported by verte-
brate serum albumins [12]. Haptoglobin (Hp), that is 
traceable in class Pisces, is replaced by a protein PIT54 in 
reptiles and birds, while both Hp and PIT54 exist in os-
triches [13]. Hp as the hemoglobin binding protein again 
appears in mammals. 
In view of persistent significance of transferrin, albumin 
and immunoglobulins in genetics and pathogeneicity as 
well as their evolutionary implications, we have been in-
terested to extend our study in identification and distribu-
tion of serum proteins of C. punctata. Our report de-
scribes the distribution and identification of haptoglobins 
and occurrence of albumin which were partially purified 
by ammonium sulfate (AS) fractions. 
Materials and Methods 
Live samples of spotted snakehead Channa punctata 
(Bloch) were brought to laboratory from the local fish 
market of Aliga'"J^  BlooU of each specimen was collected 
by cardiac puncture with a 2ml sterilized disposable sy-
